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PREFACE 

JuBGiNG from the number of inquiries that I have received 
in the past, both from engineers and from students of Auto- 
matic Telephony, it would appear that the publication of 
some general information on relays is long overdue. 

The object I have had in view in the preparation of this 
book has been to cover the syllabus of the City and Guilds 
Examination with respect to telephone relays, explaining 
as simply as possible how relays are constructed to meet 
the many diverse requirements in telephone practice and 
not forgetting the very difficult problem of impulsing. The 
subject of time lags has received considerable attention, as 
it is perhaps one of the most important in Automatic 
Telephony. 

It will be observed that some unfamiliar terms'have been 
used in the text, notably ‘‘uniselector” instead of R.L.S., 
and impulse “frequency” instead of impulse spee^.^ These 
are terms laid down in a new publication of BTE.S.A , 
selections from which will be found in Appendix II. 

Opinions expressed in the text are, of course, my personal 
opimons, but for assistance in collecting data, I have to 
thank many friends, both in the General Post Office and 
in the manufacturing firms, especially the A T.M Co. In 
addition I am indebted to the Institution of Post Office 
Electrical Engineers for allowmg me to make extracts from 
their professional papers, but my thanks are directed par- 
ticularly to the Engineer-in-Chief of the G P O , without 
whose valuable aid this and many other technical works 
on Telegraphy and Telephony would never have been 
published. 

R W. P, 


London, 1930. 
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CHAPTER I 

RELAY CONSTRUCTION 


General Principles. 

The word relay in its general electrical sense has been 
applied to any apparatus which will repeat changes of 
current or potential. By far the most common relay is 
that which functions magnetically, but it is as well to bear 
in mind that the thermiomc valve is also a relay, having 
the exclusive advantage of a zero time lag Vacuum tubes 
and neon tubes are also used as relays, since one electrode 
can be used to start a discharge which will allow current to 
pass between other electrodes , again, it would be possible 
to construct an electrostatic relay on the principle of the 
electrostatic voltmeter and therefore consuming no power, 
but since these tjrpes of relay would be quite unsuitable 
for ordinary telephone switching circuits, they do not come 
within the scope of this book. The thermostat relay is fre- 
quently used, however, and is described in Chapter V. 

Considering the electro-magnetic types, the first require- 
ment is that there must be a coil of wire which will convert 
changes of current into changes of fiux , secondly, there 
must be a magnetic circuit, part of which, the armature, is 
free to move by the laws of electro-dynamics and thus con- 
vert changes of flux into changes of position, and, thirdly, 
there must be electrical contacts actuated by the moving 
portion of the magnetic circuit in order to convert changes 
of position back into changes of current in some new circuit. 
Eig. 1 shows the path of flux in a hypoth^ical relay which 
fulfils these requirements but does not take into account 
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any of the constructional details. For the theory of the 
electro-magnet reference should be made to any textbook 
on electricity and magnetism. For telephone exchange work 
there are many special requirements, the chief of which is 
reliability, since as many as 200 relays may be used in 
setting up a single call in the director system ; moreover, 
in a large exchange there may be as many as 120,000 relays, 
so that it will be appreciated that small dimensions and 
small cost are equally important considerations. 

Early Manual Types. 

Although described in order of development, these types 
of relays are still in use in many old manual exchanges, and 



are superseded only when replacements are necessary or 
when circuit conditions demand the use of more modern 
types. 

One of the earliest relays to be used commercially in tele- 
phone practice was the torpedo-type relay, which is shown 
in Fig. 2 {a). One pole of the electro-magnet is the central 
core round which the whole of the electrical winding is con- 
centrated, The other pole is provided by the outer shell,’’ 
which is joined to the core by a circular iron mounting plate 
at the back or ‘‘heel” end. The armature is circular and 
the edge is bevelled, so that in the normal or “resting” 
position it falls away from the poles. It is prevented from 
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falling too far by the brass cap which fits over the end of 
the relay. 

Electrical connection is made between a rigid silver con- 
tact in the centre of the armature (which is earthed via the 
mounting plate) and another silver contact on an insulated 
spring at the end of the central pole, this spring being con- 
nected by a short lead to a soldering tag at the heel end of 
the relay, alongside the tags belonging to the coil. 

When current is supplied via the connecting tags to the 
exciting winding which surrounds the core, a flux is pro- 
duced flowing round the magnetic circuit and across the 
air gap between the armature and the end of the core, and 
therefore, since the armature is free to move, subject to a 
small gravitational force, it will be attracted until it fits 
closely across the gap between core and shell, and the 
contacts will be closed On the decay of flux resulting from 
the removal of the exciting current from the winding, the 
armature falls away again under the action of gravity alone, 
but the bevelled edge at the lowest point of the armature 
remains quite close to the shell ; thus the subsequent move- 
ments of the armature may be likened to those of a hinge 
without any friction at the turning point 

Relays such as the torpedo-type just described are now 
superseded almost entirely, but they cannot be looked upon 
as being crude, as they contain many good points. For 
example, the reluctance of the magnetic circuit is quite low 
and the use of the iron shell provides mechanical protection 
for the winding, and also guards the magnetic circuit against 
interference by stray fluxes from adjacent relays or other 
apparatus The electrical contacts have a good pressure 
between them. The range of movement of the armature 
(called the ''stroke” or "travel”) is adjustable by the 
turning of a screw which forms the back stop, and in this 
way the sensitivity of the relay as regards operate current 
may be varied ; this is because the amount of flux generated 
for any given current depends on the shortness of the air gap 
between the armature and core, and also because the force 
of gravity, tending to prevent movement of the armature, 
is dependent on the angle at which the armature is leaning. 

There are, however, several disadvantages, and some of 
these are overcome in the next type of relay, called the 
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Knife-edged'' relay This is shown in Fig. 2 (6). Here a 
greater winding space has been provided at the expense of 
the immunity from interference by stray fluxes provided 
by the '‘shell" type of magnetic circuit. The return circuit 
from the core to the armature is a bent piece of soft iron, 


m) TORPEDO -TYPE RELAY 



{b) KNIFE -EDGED RELAY 



Fig 2. Manual Type Relays 


forming a “yoke," and the armature is rectangular instead 
of round ; it has a bevel only on the lower edge, which rests 
m a groove at the front end of the yoke. More important, 
however, is the placing of the contacts at the top edge of 
the armature instead of at the centre, because this provides 
a good clearance between the contacts with a shorter stroke 
than is possible with the torpedo type, and greater sensi- 
tivity as regards operate current can be obtained. Moreover, 
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it is now possible to examine the contacts when the 
relay is working, a maintenance facility not previously 
available 

No reasonable criticism can be levelled at this “kmfe 
edge’’ relay from the point of view of magnetic eflficiency, 
but improvement is still required in two respects. Firstly, 
a more flexible and more powerful control than gravity 
must be provided, and, secondly, the armature must be 
able to operate several pairs of electrical contacts simul- 
taneously. 

This is achieved in what are known as the "^multi- 
contact” relays, an example of which is illustrated in 
Fig. 2 (c). In this case the part which was the armature is 
now fastened to the core to form a ""pole piece,” and that 
which was the yoke is now jointed at the rear or ""heel-end ” 
by means of a flexible spring to form an armature The 
electrical contacts are separate from the armature assembly 
and are mounted at the ends of flat nickel-silver springs, 
which normally press the armature away from the pole 
piece. This material is almost as resilient as steel and yet is 
non-magnetic. The back stop consists of an adjustable stud 
whose head bears on the bevelled front edge of the armature, 
and which is screwed into the core. The contact springs 
are arranged in three "‘piles” or ""packets” side by side, 
each connected to the armature by means of a short ebonite 
pip, yet the relay is kept in compact form, approximately 
3 in. long 

The reluctance of the magnetic circuit of this multi- 
contact relay is, however, greater than that of the earlier 
relays because of the comparatively large air gap at the 
hinge end of the armature, and therefore the next step in 
the development of the relay was towards the elimination 
of air gaps, whilst still retaining the spring type of con- 
tacts. This IS achieved by the “rocker” or "‘L shaped” 
armature, which is fltted over the end of a yoke in such a 
manner that it is pivoted at the angle of the ""L,” one arm 
forming the true ""armature” and the other a lever for 
deflecting the contact springs. It is this general principle 
which has been used almost exclusively for automatic tele- 
phony, and more detailed descriptions of the various types 
are given below. 
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Siemens Auto Type. 

This type of relay is manufactured not only by Messrs. 
Siemens Bros. & Co., Ltd., but also by Messrs. General 
Electric Co., Ltd. (formerly Peel Conner Telephone Works). 
It is shown in Figs. 3 and 4. Both yoke and armature are 
soft iron ^'pressings,’’ a type of construction particularly 
suited to mass production, and all parts are thoroughly 
annealed after the machine work has been done. The front 



Pig 3. Siemens Auto -type Belay 

end of the yoke is shaped into a pronounced knife edge, 
over which the rocker armature is made to fit fairly closely 
by being shaped into a special V-bend. This reduces the 
reluctance of the magnetic circuit, and also provides a better 
mechanical fit, because the knife edge can be machined 
accurately and foreign matter is less liable to collect at 
the point of contact. If the relay is mounted vertically, 
i.e. with its springs uppermost, lateral displacement of the 
armature is prevented by a notch in the centre of the knife 
edge, engaging with a small pip on the inside of the V- 
bend in the armature ; in addition, a stud, passing through 
a hole in the armature and screwed into the vertical face 
of the knife edge, prevents the armature from being 
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displaced vertically. In automatic exchanges the relay is 
usually mounted oii'its side, and in such cases a carriage 
is provided on the .-yoke to prevent the armature from 
falling away frorn the kmfe edge This carriage, made of 
nickel-silver y-'has side plates which form a loosely fitting 
hinge in conjunction with short brass pins riveted into the 
sides of the armature. The disposition of the parts, how- 
ever, is such that the hinge does not interfere with the 
knife edge action under operating conditions On the outer 
face of the armature is a thin aluminium plate on which 
can be stamped the manufacturer’s code numbers, etc. For 
impulsing relays, and others where the introduction of addi- 
tional air gaps is an advantage, the knife edge armature 
may be replaced by a “pin type ” armature. (See page 118 .) 

The reason for mounting relays on their sides is tha^;, in 
this position, the contact springs are vertical, thus |dc( 
instead of horizontal, thus and therefore dust is less 
liable to settle on the face of the contacts and produce 
faults. 

The nickel-silver contact springs are parallel sided, and 
may be up to 18 in number, arranged in one to three inter- 
changeable “piles” in such a manner that the load is dis- 
tributed approximately equally, and each pile is held in 
position by three long screws. Two of these screws are 
threaded into the metal clamping plate at the base of the 
spring pile (but not into the yoke) so that the complete 
assembly of springs, insulators, etc , can be built up as a com- 
plete “pile ” separate from the mam portion of the Tela>j ; the 
spring assembly is attached to the relay by means of the 
centre screw, which passes freely through the pile and is 
screwed into the yoke. Rotational movement of the springs 
about this centre screw is prevented by a die -cast mounting 
platform with channels for the three piles. 

The first ''moving” spring in each pile is lifted directly 
by one of the three ebonite pips on the upper portion of the 
armature, a brass distance piece or “lifting pm” being pro- 
vided if necessary. If there is a second spring set above 
this, the first moving spring is provided with a “lifting 
pin” projecting upwards as well as downwards, and after 
passing through clearance holes in any intermediate ‘ ^ make” 
or “break” spring, it bears on the underside of the second 
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moving spring ; this second spring h^s an ebonite insulating 
pip where the brass pin touches. If there is a third moving 
spring, it is provided with a lifting pin, as before, projecting 
downwards to rest on the ebonite insulatmg pippin tJie 
second moving spring. There are exceptions to this^ arrange- 
ment, but the principle is not altered. If a specially heavy 
spring load is required, a thick phosphor-bronze bias spring 
may be included in the centre spring pile. The ratio of 
travel of contacts to travel of armature at the centre of the 
core is approximately 3 . 2, but the leverage of the armature 
itself, calculated from the point of contact between the 
armature lever and the lowest spring is 1 1. 

The main obj'ect of the thick strips or “buffers ” parallel 
with certain contact springs will be considered in the next 
chapter. These buffer strips are extended to the back of 
the relay, wherever possible, to form substantial soldering 
tags for the contacts. The insulation between adjacent 
springs is by means of bakelite washers, and that between 
springs and mounting screws is by means of ebonite sleeves. 

The cylindrical core of soft iron on which the relay coil 
is wound is a forced fit in the heel piece of the yoke, in 
order to reduce air gaps at this point , also a circular brass 
nut is threaded on the core extension to hold the core 
rigidly in position The air gap (or, more correctly speaking, 
the “ non-magnetic gap’^) may not be eliminated entirely 
at this point owing to the non-magnetic surface finish which 
is used to protect the iron parts from rust. On the Siemens 
type of relay, the protective finish may be nickel plating 
subsequent to copper plating on the iron, or, alternatively, 
coslettizing, which is a chemical process producing a surface 
layer of phosphate of iron, giving a dull black fimsh. 
At the armature end of the core is an enlarged pole face, 
which is spot welded in position and is tin plated. It 
is found with this type of relay that the greatest sensi- 
tivity IS obtained when the reluctance of the magnetic 
circuit in the unoperated position is exactly twice that in 
the operated position, and the particular diameter of the 
pole face chosen, 1 J cm., fulfils this requirement in the 
majority of cases. 

The “residual air gap” (commonly known as the “resi- 
dual”) is the gap between the armature and the pole face 
2— (5664) 
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when the relay is fully operated It is needed to keep the 
reluctance of the magnetic circuit always above such a 
value that the residual magnetism in the iron will not 
retain the armature in the operated position when the 
current is cut off, or is reduced to a value at which the 
relay is required to release. It is controlled either by an 
adjustable brass '"residual screw"’ with lock-nut, as shown 
in Fig. 3, or by phosphor-bronze pips or "stop pins” 
riveted on the inner face of the armature, as in Fig. 4. 
Fixed residuals of 20 or 12 mils are provided by a single 
pip, but if the gap required is as small as 4 mils, three 
residual pips are considered necessary to ensure that the 
core and armature do not touch inadvertently should their 
surfaces be out of alignment 

Mounting is effected by means of a nut on the projection 
of the heel end of the core, rotational movement being 
prevented by an additional short steadying pin, riveted to 
the heel piece. It is the general practice in this country to 
insulate all relay cores, etc , from the mounting rack which 
is connected to earth, the object being to prevent accidental 
earthing of the relay springs which may be connected to the 
main battery. In most cases circuits can be designed so 
that the contacts are in the earthed side of the circuit, or, 
if connection to battery is essential, a protective resistance 
of, say, 200 ohms may be inserted in the battery lead. 
However, this is not always possible, and, in any case, it 
does not avoid the connection of direct battery leads to 
relay coils, the tags of which may be exposed at the front 
if a heel end slug is fitted. On the other hand, in many auto- 
matic telephone equipments outside this country, the relays 
are deliberately earthed as a precaution against electrolytic 
corrosion of fine windings, due to leakage, particularly those 
wmdings connected to the positive pole of the battery (i.e. 
earthed). A compromise is used by Messrs. Siemens for 
their "Director” equipment where the relays are not 
insulated from the mounting plate, but the mounting plate 
with its relays is earthed through the relay cover only when 
the latter is in position. 

When mounted on a selector or "relay set” plate, Sie- 
mens relays are usually in pairs with the contact springs 
on the outside ; thus they form two vertical rows, which 
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are at If in. mounting centres horizontally, the relays 
being at approximately 1 3^ in. centres in a vertical direc- 
tion. The projection of the relay from the mounting plate 
is SJ in. Damage to the contact springs, when replacing the 
cover, is prevented by projections on the cover mounting. 

The relay coil is wound directly on to the core with either 
enamelled or silk-covered wire, and the ends are brought 
out to soldering tags attached to the bakelite coil cheek 
at the heel end. A more detailed description of typical 
modern coil construction is given on page 18 . The tags 
are from two to five in number, and in the new Post Office 
adjustment charts are designated a, 6, c, d, e, from left to 
right in the rear view as shown. If a single winding is 
provided, only tags a and e are fitted. If there are two 
separate winffings, the one nearest the core is usually con- 
nected to and the outside one to d-e. In certain cases 
where balanced circuits are required, a "" sandwiched wind- 
ing” is employed, as illustrated in Fig. 4 , and in these cases 
a-b are the connections for the inner and outer wdndmgs 
in series, and d-e for the centre one. The central tag c is 
used only in special cases where a third winding is supplied, 
two of the windings being connected together with a single 
tag at the common point. In all cases the inner end of 
any winding is connected to the left-hand tag and is usually 
painted red, indicating that the earthed positive pole of 
the exchange battery should be connected to that side. 

R.A.T, Auto Tsrpe. 

These relays, manufactured by the Relay Automatic 
Telephone Co , Ltd , are illustrated in Fig. 6. The arma- 
ture construction bears a great resemblance to the original 
manual type of L armature, the front end of the yoke being 
finished square instead of having a raised knife edge as in 
the Siemens t3rpe relay. The armature is kept in position 
by a screw fastened to the yoke and projecting through 
the armature, a special nut with a friction grip being fitted. 
The method of controlling the residual air gap is also unique 
and takes the form of a strip of brass J in. wide and of tho 
requisite thickness. This is fastened to the underside of 
the yoke and is bent so that it covers the face of the 
core. 
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A point of distinction between this and other types lies 
in the multiple contact assemblies, some examples of which 
are illustrated. The material used for the springs is phos^ 
phor-bronze. It will be noted that, with the normal size 
of yoke, there are only two spring piles side by side (instead 
of three in the Siemens type). This provides more room 
for the manipulation of ad 3 usting tools, and if this spring 
capacity is insufficient the yoke may be extended into a 
platform on which as many as six separate spring piles may 
be mounted, the armature being correspondingly widened, 
as seen in Fig. 5. The platform space provided by this 



Fig. 5. R.A.T Auto -type Belays 

wide yoke may also be used to carry other apparatus, e.g. 
supervisory lamps, small condensers, thermostat relays, 
resistance spools, etc., thus economizing space, which is 
such an important factor in telephone exchanges 

The use of R A.T. relays in Great Britain is now confined 
almost exclusively to private branch exchanges, and there- 
fore is referred to somewhat briefly. The design and adjust- 
ment of this type of relay is not appreciably different from 
that of the Siemens type. 

A.T.M. Auto Tjrpe. 

This type of relay is the most commonly used in Great 
Britain for automatic telephony, and is, therefore, dealt 
with in greater detail. It was first manufactured in this 
country by Messrs. Automatic Telephone Manufacturing 
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Co., Ltd., and later by Messrs. Standard Telephones and 
Cables, Ltd. (late Western Electric), and also by Messrs. 
Ericsson, Ltd., but the construction of these latter models 
differs only slightly from the original A.T.M type. The 
rela57s shown in Figs. 6 and 7 are those made by the 
A T.M. Co. 

It will be observed that, although there is no knife edge, 
the armature is magnetically of the L-shaped rocker type, 



Fig. 6. A.T.M. Auto -type Relay- 

but it is hinged on a phosphor-bronze pin to a non-magnetic 
bearing bracket screwed to the yoke. It is known as the 
‘'pin type” armature. The “hinge air gap” between the 
front end of the yoke and the inner face of the armature is 
adjusted by altering the position of the bearing bracket 
until there is only 1-5 mils clearance. 

The nickel-silver contact springs, which are operated by 
a lever arm projecting from the side of the armature, are 
shaped so that they overhang the side of the yoke, and 
they also have projections at the heel end which form con- 
necting tags, staggered to facilitate soldering. In this way 
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the overall '‘height’’ of the relay is reduced to a minimum, 
since it is not necessary to leave any gap for the armature 
between the lowest contact spring and the yoke 

It will be seen from the plans of typical springs in Fig. 7 
that, although the moving springs overhang the yoke 
throughout their length, the make and break springs over- 
hang at their tips only, and therefore it is possible to couple 
all the moving springs together by means of ebonite collets 
without fouling the remainder. These collets, mounted in 
a direct line with the thrust of the armature lever, are 
fastened to one spring with a hollow brass rivet to prevent 
accidental displacement. The armature lever also has an 
ebonite bead to insulate it from the springs. Since the 
armature lever overhangs the yoke, a separate back stop 
IS required, this being provided by a stamping which is 
fastened at the base of the contact spring assembly. The 
maximum number of spring piles is two, in which case an 
armature with two levers is used, but whenever possible 
the spring assembly is concentrated in one spring pile to 
facilitate adjustments, the second lever on the armature 
being omitted. 

The method of insulating the springs eliminates the need 
for separate insulation of the holding screws. Each insu- 
lator is stamped out of sheet bakelite, and two circular 
"bosses” are formed by stamping half way through the 
material. This construction will be obvious from an inspec- 
tion of Fig, 7. The springs fit over these bosses and are 
thereby prevented from touching the holding screws. If 
the thickness of the spring is less than that of the projecting 
boss, then the boss is automatically pressed back into the 
body of the insulator when the spring pile is tightened up. 
After assembly, the spring piles are clamped m a vice and 
then heated to drive any moisture out of the insulators. 
A further tightening is given while hot. 

The position of the pin or hinge in relation to the rest of 
the armature determines the leverage, i.e. the ratio of 
travel of the springs (measured at the contacts) to the 
travel of the armature (measured at the centre of the core). 
There are two types of armature in use, No. 3 giving a 
ratio of 3 to 1, and No. 2 giving a ratio of 2 to 1, the latter 
being used on slow releasing relays the reduced 
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leverage assists the armature to withstand the pressure of 
the springs during release. 

In all cases, an adjustable brass residual screw with lock- 
nut is provided to control the ‘^residual air gap” between 
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Fig. 7. A.T.M. Axtto-type Rbla-y Assembly 


armature and core face when the relay is operated. The heel 
end of the core butts against the heel piece of the yoke, 
and is held in position by an iron screw, which is threaded 
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into the core itself. Thus there is a small "'heel air gap” 
represented by the thickness of the zinc plating which is 
used for protection against rust. The deposition of zinc, 
a common practice for this type of relay, may be electrolytic, 
or it may be produced by “sherardizing,” a process which 
involves the heating of the iron parts while surrounded by 
zinc dust. An alternative is nickel plating, as on the Siemens 
type relay. The material used for the core is Swedish soft 
iron, but the yoke and armature are of cold rolled steel, 
pressed into shape and annealed subsequently to drilling, 
machining, etc. This is typical of modern relay practice, 
but the qualities of the materials used are different for the 
various manufacturers. On the face of the armature there 
may be a small aluminium name plate to show the code 
numbers of the relay, or, alternatively, the numbers may 
be painted on the underside of the yoke. 

Mounting is achieved by screws inserted from the back 
of the mounting into tapped holes in the heel piece, but 
the relay as a whole is insulated from the frame or mounting 
plate by insulating washers and a sheet of bakelite between 
the mounting plate and the heel piece. The advantage of 
insulation is the prevention of trouble by accidental short 
circuits between ‘‘live” tags and the frame, this being 
specially important in certain double coil relays with heel 
end slugs, where one winding has intermediate tags at the 
front end of the spool (see page 10) 

In all oases A.T.M. type relays are mounted on their 
sides, so that dust shall not settle on the face of the 
springs or contacts. In the case of selectors and rack- 
mounted relay sets (Fig. 8) there is a standard method of 
mounting which is important, because it affects the ulti- 
mate capacity of the spring piles. The relays are mounted 
in pairs side by side at Itj^ in. mounting centres, and the 
mounting plates may accommodate up to 22 relays, one 
pair at IJin. centres above the other; relays with double- 
lever armatures make an exception and require J in. more 
space vertically. The projection of the relays from the 
mounting plate is 3|in. In all cases the springs are on 
the outer side of the plate in order to facilitate adjustment. 
Where “single armatures” are used (i.e. armatures with 
one lever and, therefore, one spring pile), the pile is on the 
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upper side of the yoke. Thus, a relay to be mounted on the 
left-hand side of the mounting plate (looking from the front) 
will be assembled differently from one on the right-hand 
side, although they may have identical coils and spring 
capacities : they are identified by a prefix, HL or HR 
respectively, in the code number of the relay. Double 
armature relays, i.e. relays with two spring piles will be 
the same for either side, and therefore their code numbers 
are prefixed by HLR. In order that at least 50 per cent of 
the relays on a mounting plate may have a large spring 
assembly, the pairs of relays are mounted eccentrically on 
the plate (see Fig. 8), the result being that the maximum 
number of springs on a left-hand relay is generally 11 per 
spring pile, and on a right-hand relay 14 per spring pile, 
or 22 and 28 springs respectively for double-arm relays ; 
the number is less if thick springs are used. Some of the 
relays are provided with ‘'guide posts,” short posts screwed 
to the top of the yoke to prevent the cover from fouling 
the contact springs when the cover is being replaced. 

The “coils” or “spools” are wound directly on to the 
core between cheeks of red fibre, two turns of empire cloth 
being used as insulation between winding and core, and 
also, in the case of two coils concentrically wound, between 
the two layers of wire. A further layer of empire cloth is 
added to the outside as a protection against mechanical 
damage. The wire used is enamelled, but where windings 
with non-inductive resistance are incorporated, either for 
shunting the main coil or, perhaps, for some other inde- 
pendent function in the circuit in which it is used, the 
high resistance wire (e.g Platinoid or Eureka) is usually 
insulated with a single silk covering These non-inductive 
windings are placed on the relay core merely for conveni- 
ence of housing. They are bifilar, that is to say, the wire 
is looped and the resulting double wire is wound on, “looped 
end” first, finishing up with the two free ends which form 
the terminals of the winding. In this way the inductive 
effect of one half of the wire from tag to loop is counter- 
balanced by that of the other half from loop to tag The 
above particulars of coil construction apply to almost all 
modern types of telephone relay. 

The coil tags on the A.T.M. type relay are four in number 
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and are placed symmetrically round the rear coil cheek. 
In the G.P.O. new standard adjustment charts are about to 
be introduced ; they are lettered a, 6, c, d, in a clockwise direc- 
tion as viewed from the rear, counting a as the tag nearest 
the yoke. This is shown in Fig. 13. If there is but one 
winding, then the two tags 6 and d only are fitted, tag b 
being the inner end of the coiL If two windings are incor- 
porated (this is the maximum on this type of relay), then 
the four tags are used, the inner winding being connected 
to b—d, and the outer to a—c, the first tag in each case being 
the inner end. On impulsing relays and other relays with 
balanced windings two coils are wound side by side, with 
a centre cheek between them instead of being one winding 
over another, and in this case the coil at the armature 
end is connected to b-d. 

The above lettering does not apply to some of the older 
adjustment charts still in use, and therefore the old scheme 
that was used is given here for reference. The windings 
were terminated on exactly the same tags, but the lettering 
of these tags was as follows : On a single coil relay the two 
tags which are now b and d were then lettered a and b. 
On a double- wound relay the lettering was a c b dm. a, clock- 
wise direction, instead of a 6 c d, so that the two windings 
were connected to a—b and c—d respectively. 



CHAPTER II 

CONTACTS AND SFBINGS 


Definitions. 

It is first necessary to define certain general terms used in 
connection with spring assemblies — 

The moving'' spring or contact (sometimes called the 
“travelling’’ contact or “armature” spring) is that which 
is operated directly by the movement of the armature. 

The ^"make" spring or contact (sometimes called the 
“front” contact) is that with which the moving spring 
makes contact, either directly or indirectly, when the arma- 
ture is operated. 

The break" spring or contact (sometimes called the 
“back” contact) is that which is normally touching some 
other spring, but is separated from it, either directly or 
indirectly, by the operation of the moving spring 

The word “contact ” is, unfortunately, an ambiguous term, 
and may mean either a single piece of contact material or 
a spring containing a contact, or it may be used as an 
abbreviation for “contact assembly,” e.g. a “make con- 
tact,” meaning a pair of springs which make electrical con- 
nection when the relay is operated. The correct interpreta- 
tion, however, is usually gathered from the context. 

Circuit Diagrams. 

The conventional methods of representing relays on 
circuit diagrams are numerous, but that adopted by the 
British Post Office for schematic diagrams, and followed 
by the majority of English manufacturers, is shown in 
Pigs. 9, 23, and 40. The various types of relay coils 
which are represented there are described later in detail. 
The lay-out of circuits containing relays may be on one of 
three main principles, i.e. associated contacts, semi-detached 
contacts, or detached contacts. These are illustrated in 
Pigs 10, II, and 12, which show the circuit of the same 
final selector drawn in the three schemes for comparison. 
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In the associated contact scheme, all the relay coils and 
associated contacts are arranged as nearly as possible in 
the positions occupied in the switch, and therefore there is 
little scope for laying out the diagram to show the functions 
of the various parts of the apparatus. 

There is an improvement in this respect in the semi- 
detached system, where the relay coils may be situated 
anywhere in the diagram so long as the contacts are in 
line with the coil , thus, an imaginary line drawn through 
the oentre of the coil of a relay passes through all the con- 
tacts of that relay. There is no limit to the distance between 
contacts and coil, and the contacts are numbered consecu- 
tively irrespective of their positions on the relay. 

The simplest kind of circuit diagram is the detached 
contact scheme, where coils and contacts are placed any- 
where that is convenient for the lay-out of the circuit- Thus 
it is possible to see at a glance the operating paths for any 
particular part cf the apparatus, and the possibility of 
error in tracing wires along an intricate route with bends 
and crosses and kinks is avoided. In other words, the 
circuit diagram has become an orderly arrangement cf 
“routes*’ instead of a mass of wires This scheme is essen- 
tial for the understanding of circuits such as those of 
routiners, containing 50 or more relays with different func- 
tions, an example cf a director routiner being shown in 
the frontispiece. Owing to the simplification, a smaller 
diagram may be produced, the original of this director 
routiner diagram being reduced from 13^ ft, X 2-1- ft. (as- 
sociated contacts) to 3 ft x 2 ft. (detached contacts) It 
may be thought that some difficulty might be found in 
finding the contacts of a particular relay, but this is catered 
for by indicating against each coil the number of contact 
assemblies associated with it. For example, letter H over 
a 6 indicates that the H relay has six contact assemblies, 
and they will be found with very little difficulty, numbered 
HI, H2, etc., up to , there is, therefore, no possibility of 
a contact becoming overlooked 

Although the detached contact drawing is the only one 
which can be used satisfactorily for fault finding or instruc- 
tional work, the associated contact system is still indis- 
pensable when it is required to know the exact connections 

3— ( 5664 )^ 
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[Fig. 13. NuMBEHEsro of Spren-qs and Lettering of Coid Tags 


Notes on Siernens Type JRelays. 

1. In this position a right-hand relay is used. 

2. If centre spring packet is omitted, i e. 2 spring packets only, the numbering 
of springs IS 1, 2, 3, etc., and 21, 22, 23, etc., but the method of numbering the 
contact assembhes is unaltered. 

3. If one spring set only, i.e in centre, the sprmg numbering is 11, 12, 13, etc. 
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of the wires on the apparatus, e.g, during manufacture or 
repair, because in the other two systems an imaginary tee 
joint may be shown in place of a looped connection merely 
to simplify the arrangement of the diagram. For tfiis 
reason it is usual to issue circuit diagrams in both systems, 
the detached contact scheme being called the "'Schematic^’ 
diagram, and the semi-detached or associated contact 
scheme the ‘'Wiring Diagram.” 

In some circuits the “wires” in the wiring diagram are 
omitted, and against each tag are entered the code letters 
and numbers of the tag or tags to which wires are connected. 

Numbering of Contacts. 

For the relay contacts there are two distinct schemes of 
numbering, (a) numbering of the individual contact springs 
with regard to their position on the relay for purposes of 
wiring Vagrams and adjustment charts, and (6) numbering 
of the contact assemblies in direct sequence for use on 
schematic diagrams. In Fig. 13 the numbers of the contact 
assemblies are distinguished by being shown in circles 
The diagram is self-explanatory, but it should be noted 
particularly that, whereas the number given to the last 
assembly is an indication of the total number of assemblies 
on the relay, the number given to the last spring is merely 
an indication of the number of springs in the last spring 
pile and not in the relay as a whole , thus, on the A T.M. 
relay in the top left-hand corner of the diagram, the fact 
that there is a spring number 25 must not be taken to 
mean that there are 25 springs on the relay, but merely 
that No. 25 spring is in the lower spring pile (indicated 
by the “ 2 ” in the number), and that it is the fifth spring 
from the bottom (indicated by the “ 5 ”) 

Make or Break Contacts (abbr. ‘‘M” or “B”). 

The general construction of simple make or break con- 
tacts will be apparent from the general description of the 
modern auto-type relays. Spring thicknesses and the use 
of buffers are dealt with later in the chapter. 

Contacts. 

If one or more contacts are operated earlier in the stroke 
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than the others, they are usually placed at the bottom of 
the spring pile and are designated x makes or x breaks, the 
letter x being shown against the contact on the circuit 
drawing and on the relay adjustment chart. The armature 
is made to operate these contacts before the other moving 
springs are disturbed at all This applies only to cases 
where the advance operation is essential in the circuit, and 
not where the order of operation is inherent in the method 
of adjustment. (See page 43 ) 

An important use of the x contact is in the two-step 
relay (page 62), but there are other more common examples. 
If a relay is required to operate and lock on the receipt of 
a short pulse of current, an x make contact may be used to 
connect up the locking circuit at the earliest possible 
moment ; similarly, if the resistance in the operating circuit 
is too great to operate the relay fully, an x contact may be 
used to connect up an auxiliary circuit from the local 
battery 

If, in these oases, it is not desirable to interfere with 
the current conditions in the operating circuit, a double 
wound relay may be used, one winding being used as a 
‘‘line"’ coil and the other as a “locking” coil connected 
to the local battery via the x contact. With such an 
arrangement, it would appear that a break contact in 
the main spring assembly could be used to disconnect 
the Ime coil, since that coil would have completed its 
function as soon as the x contacts had closed. This 
self -interrupting of the line coil should be avoided, how- 
ever, as the relay is liable to be released by the trans- 
former effects m the locking coil when the line coil is dis- 
connected. Once the relay has operated fully, of course, there 
is no objection to the circuit of the line coil being broken. 

Another interpretation of the x contact is included in 
the following paragraph. 

Contacts. 

This term is applied to contacts which are required to 
function later than others by virtue of the circuit operation. 
Frequently an x and y contact are specified on the same 
relay, and in this case the interpretation is that the x 
contact must operate before the y. It is achieved by 
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the relative adjustments of the resting paaitions of bh© 
particular make or break springs. 

A more definite sequence may be obtained by coupling 
the make spring of the x contact to the moving spring of 
the y contact, so that the force required for the operation 
of the y spring assembly is actually transmitted via the 
X contacts when they are closed. Thus, there is no possi- 
bility of the contacts operating in the wrong order, what- 
ever the adjustments may be. 

Break-make Contacts (abbr. 

In this assembly of contacts, the moving spring can make 
connection with either a break or a make contact, and, 
therefore, the moving spring is double sided, having part of 
a make contact pair on one side and part of a break contact 
pair on the other (See Fig. 4.) Break-make assemblies are 
often referred to as “change over contacts.” It is usually 
intended that the break contacts shall separate before the 
make contacts close, but in the Siemens type of spring set 
(where exact gauging is not specified) it is possible that a 
“make-before-break” action may occur Thus, in cases 
where the circuit demands a particular order of operation 
of a break-make, a special adjustment note must be added 
to the adjustment chart in the case of Siemens type relays. 

Make-before-break Contacts (abbr. ‘*MbB”). 

This order of operation may be achieved in one of three 
different ways 

1. As indicated in the previous paragraph, a break-make 
assembly of the Siemens type may be used as a make- 
before-break, provided that a special adjustment note 
regarding the order of operation is added. When adjusting 
these contacts, the make contact is brought close to the 
moving spring (say 10 mils contact clearance) and the 
break spring is so tensioned that it “follows” the moving 
spring without “breaking,” until the make contact has 
made a firm connection. 

2. If it is desired to ensure the correct action without 
depending on special adjustments, the special types shown in 
Figs. 4 and 7 are used. It will be seen that the break contacts 
are separated by the movement ^of the upper spring of the 
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make pair, so that there is no possibility of the break 
action occurring before the make, no matter what the 
adjustment may be. This arrangement involves the use 
of a special make spring with two contacts, one of which 
takes part in the breaking function also. Since the opening 
of the break contacts must take place after the make con- 
tacts have closed, the travel of the moving spring must be 
comparatively large. In some cases an additional break 
contact is associated with the moving spring, making a 
break-make-before-break assembly ; the construction is 
seen from the conventional representation shown in Fig 9. 

3. Owing to the somewhat complicated variations of con- 
tact pressure which occur during the functioning of the 
above type of MbB assembly, ‘‘bounce'' of the contacts 
for a few milliseconds is difficult to avoid. For this reason, 
where the circuit demands clean operation, separate make 
and break assemblies are used; the correct sequence of 
operations is again dependent on adjustment, but this is 
much easier to obtain with independent spring sets than 
with the combined break-make assembly. A general con- 
sideration of contact bounce is given later. 

Double-make Contacts, 

It is sometimes necessary for two make contact springs 
to be associated with one moving spring. In this case the 
springs are arranged in the order represented in the sche- 
matic sketch in Fig. 9. Thus, as the relay is operated, the 
moving spring makes contact with the first make spring 
and then presses that make spring into contact with the 
second make spring. The first make spring has contacts 
on both sides for this purpose. 

Twin Contacts, 

These should not be confused with “double make" con- 
tacts, or with the “make" spring of the MbB assembly, 
which has two contacts on one spring. A relay spring 
having twin contacts is shown in Fig, 4, from which it is 
seen that two pieces of contact material are placed side by 
side, the one merely duplicating the function of the other. 
The object of this arrangement is to reduce the possibility 
of circuit failure due to dirty contacts. It has been found 
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that, in the majority of cases during the normal life of a 
relay contact, disconnection faults due to dust, etc., occur 
momentarily, and then quickly disappear after one or more 
operations of the relay ; the possibility of both of the twin 
contacts being disconnected at the same time is remote. 

There are disadvantages, however, which must not be 
overlooked. The twin contacts share the total spring ten- 
sion, and therefore the contact pressure of each will be less 
than that of the corresponding single contact. Moreover, 
the sharing may be unequal, causing an excessive number 
of faults on the one with the least pressure. It is for this 
reason that the end of the spring is split a short way 
between the contacts to allow each a little independent 
motion of its own. This independence must not be given 
too freely, however, or else it becomes difficult to gauge the 
twin contacts to make and break at the same time, and one 
of them may take more of the wear than the other. 

Buffers. 

It has been mentioned in the description of the con- 
struction of the Siemens type relay, that parallel with some 
of the contact springs there are short thick strips, which 
act as ^'back-stops” or "buffers” to the springs. The pri- 
mary object of these buffers is to ensure good contact 
pressure, and they are placed against all springs which are 
not already supported when in the normal position Thus, 
in a make contact assembly, both springs generally have 
buffers below, but if the assembly is a break-make, then 
the buffer is omitted from the moving spring, because the 
break spring takes over the back-stop function. The buffer 
for the break contact in an MbB assembly is usually above 
the spring and is really a front-stop, because it comes into 
use only when the relay is in the operated position. The 
contact springs are bent into a slight curve before assembly, 
so that there is a known tension between spring and buffer 
when the complete spring pile is tightened up. An engineer 
adjusting such a relay can then be certain that there is at 
least that tension, in the form of contact pressure, so long 
as the spring is lifted off the buffer, no matter how slightly. 

Buffers are not provided on the A.T.M. type of relay, 
and their place is taken by the use of thicker contact 
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springs and an exact adjustment specification for the move- 
ment and follow of the contacts when operated. This scheme 
(known as ‘^gauging’’) is described in the next chapter. 

Contact Bounce. 

The term “bounce” has been applied to the momentary 
chattering of relay contacts when they make or break. The 
duration of contact bounce is usually of the order of 1 to 
10 milliseconds (thousandths of a second), and very few 
relay contacts are free from it unless some special precau- 
tions are taken. Looking at the problem from a general 
point of view, it will be thought that a pair of contacts, 
both mounted on thin springs, are sure to bounce, and, on 
the other hand, contacts mounted absolutely rigidly are 
equally liable to this fault. Between these two extremevS 
there are many alternatives, and some of the theories which 
have withstood practical test are given here. 

On Siemens type relays the use of buffers helps in the 
reduction of contact bounce in certain cases, chiefly because 
the buffer acts as a damper against spring vibration 

On A.T.M. type relays (without buffers) it has been found 
that bounce can be eliminated on make contacts if the 
make spring is fairly thick, 30 to 40 mils. Thus the full 
pressure is obtained on the contacts almost as soon as they 
touch, the shock being taken by the short section of the thin 
moving spring beyond the tip of the armature lever. This 
type of make contact is not suitable for large spring piles 
because the stiff make spring often prevents the armature 
from taking its full stroke, and it would be difficult to 
ensure that all the contacts in the pile were operated It 
may be used on selector impulsing relays, however, because 
a single spring assembly is used and it is most important 
that contact bounce shall be avoided. 

Bounce on break contacts without buffers is difficult to 
eliminate entirely, because when the relay releases and the 
armature lever is out of engagement there is no control 
over the vibration of the moving spring, but as a rule it 
can be reduced by increasing the contact pressure. During 
the release of a relay, the make and break contacts open 
and close at different points in the return stroke of the 
armature, and this produces complicated variations in the 
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tensions of the springs and in the restoring force on the 
armature. This frequently causes oscillation, which shows 
up in the form of ‘'contact bounce,” particularly in the 
case of break contacts at the bottom of the spring pile. 

There is one other form of bounce which may occur on 
the A.T.M. type of relay, and that is bounce of the armature 
lever on the back stop when the relay is released. This 
bounce, if excessive, will open the first break contacts. It 
can be avoided, however, by adjusting the back stop so 
that, in the resting position, the armature has no “play” 
between the back stop and the armature lever, because, 
under these conditions, any tendency to bounce is quickly 
damped. 

On MbB contacts, bounce frequently occurs on the break. 
It IS worse than on ordinary break contacts, and although 
the exact theory is not known, it appears that one of the 
contributory causes is the supporting of the top spring at 
two different points, first at the make and then at the 
break, thus introducing a somewhat complicated flexing of 
the spring. 

Contact Materials. 

The contacts on the early manual type relays were made 
almost umversally of silver, and although this metal tar- 
nishes, the sulphide which forms is a conductor of electricity 
and IS not detrimental. Modem relays used by the General 
Post Office in this country have either platinum, in the 
case of heavy loads, or some alloy of silver for more general 
work The alloy used is that commonly known as “ P.G S.” 
consisting of 7 per cent platinum, 67 per cent gold, and 
26 per cent silver. The approximate ratio of costs of relay 
spring contacts is , for silver 1, P G S 4, platinum 24, 
whilst for tungsten, which is considered later, it is 16. In 
view of the costliness of platinum, springs fitted with con- 
tacts of this metal are identified by having a small V-notch 
cut in the end , however, on close inspection, platinum con- 
tacts can be distinguished from P G S. by their whiteness 
as compared with the slight yellow tinge of the alloy. On 
circuit diagrams, etc., the contacts which are of platinum 
are often marked “Pt ” or with an asterisk. 

The most common shape of contact on early relays was 
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a or cone for one electrode and a 'Opiate'' or shalloA\' 

disc for the other. These were connected to negative and 
positive potentials respectively, because it was believed that 
the principle of the arc lamp would apply, viz., that metal 
would be taken from the positive pole and deposited on the 
negative. Unfortunately, for reasons as yet unexplained 
with any exactitude, this does not occur consistently, and 
therefore the dome shaped contacts, all of equal size, are 
now employed in this country. The relative dimensions of 
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the two shapes are shown in Fig. 14. Specially large dome- 
shaped contacts are used occasionally in cases where the 
relay is operated so frequently that renewals would other- 
wise be required too soon, an example of this being a 
Director A relay, which makes 13J million operations jier 
annum. The contacts are fixed to the spring either by spot 
welding, or by riveting a shank formed on the back of the 
contact as illustrated. 

Platinum is now used for breaking all magnet circuits 
(and also for making, if contact bounce is present), and 
durability tests have shown an average of 15 million opera- 
tions when interrupting a 46 ohm magnet at 50 volts with 
a suitable spark quench. If the contact is free from bounce 
as many as 60 million operations may be obtained. 

Contacts of P.G.S. are not used for breaking currents 
greater than ^ ampere ; usually much less, and tests have 
shown a life of about 30 million operations when breaking 
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the circuit of an 800 ohm relay at 50 volts (unquenched) 
A slightly shorter life is obtained from silver contacts under 
such conditions. 

Tungsten is rarely used on telephone relays, but is some- 
times fitted on heavier telephone equipment, notably self- 
drive rotary magnets on two-motion selectors and on 
uniselectors. These magnets have a single make or break 
contact, and in order to obtain freedom from contact bounce 
at high hunting speeds a heavy contact pressure is em- 
ployed. In addition to being able to stand up to severe 
hammering, tungsten can break heavy currents up to 5 
amperes without undue wear, and is therefore used in cases 
where the carr 3 ring capacity of platinum is exceeded. Tung- 
sten is obtained usually under the trade name of '^Platit/’ 
which consists of 99 per cent pure tungsten and 1 per cent 
of various impurities which do not affect appreciably the 
properties required of an electrical contact. Tungsten con- 
tacts carrying 1 ampere in an inductive circuit (quenched) 
have been operated 100 million times without destruction. 
The metal is extremely hard and cannot be riveted or 
welded direct to the contact springs in the same way as the 
other types of contact It is usual to weld it on a disc of 
iron or mild steel and rivet the iron to the spring Typical 
dimensions are shown in Fig. 14. 

The resistance of relay contacts is normally of the order 
of 0*001 ohms, and if a fault occurs the resistance jumps 
usually to many hundreds of ohms without any inter- 
mediate stages. Tungsten is an exception not only in 
giving resistance faults of the order of 10 or 20 ohms, but 
also in being sensitive to contact pressure, at less than 
5 grammes resistances greater than 1 ohm are common, but 
at normal pressures for tungsten contacts, e g. 50 grammes, 
the resistance is of the order of 0 2 ohms. 

The wear of all types of contact is due almost entirely to 
the action of the current which is broken when they sepa- 
rate. Thus, contacts which carry little or no current can 
be operated for an indefinite period without deterioration, 
and even when the pressure is 100 grammes or more the 
flattening of dome-shaped contacts is very slight. Chemical 
corrosion of the contacts occurs very little, owing to the 
stable nature of the materials used, but if contacts normally 
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separated are left unoperated for a considerable time, failure 
may occur owing to a film of dust, etc., collecting on the 
surface. For this reason relays are usually more reliable 
when used continuously than w'hen left idle for long periods. 

It is curious to note, however, that even the slightest 
oxidation will introduce a ‘^coherer’’ effect, which causes 
an almost complete disconnection under low voltage con- 
ditions only. As a result of this it is not desirable to allow 
contacts to carry small speech currents without superposing 
a D.C potential greater than 1 volt. Faults from this 
cause do not occur very frequently with ordinary relay 
contacts, aiid the coherer effect becomes important only in 
the case of brass to brass contacts, e.g. selector wipers. 

Under conditions of heavy load pairs of contacts wear 
away, forming a crater on one or both sides, thus producing 
a receptacle for dust and other non-conducjting particles , 
in many cases small globules of contact metal are also 
visible on the spring at the base of the contact, indicating 
that the metal has been molten and has boon splashed in 
all directions. This applies to normal circuit conditions, 
but if welding occurs, as described in the next section, then 
"'wear’' frequently results, due to portions of one contact 
being wrenched off and attached to the other, and, in 
extreme cases, one contact, complete with rivet, may be 
pulled right out of its spring 

Contacts of brass, carbon, tungsten, or mercury as used 
on Motor Start relays are dealt with on page 80. 

Spark Quenches. 

The breaking of currents greater than I ampere in an 
inductive circuit usually produces a destructive spark at 
the contacts. The inductive energy stored in the circuit 
tends to prolong the passage of current after the contacts 
have separated, and, according to the current and voltage 
conditions which prevail, either a momentary arc or a 
spark results.* 

The object of a spark quench circuit is to provide a 
by-pass for this inductive energy, and this may bo effected 

* For further information see “Sparking and Arcing at Relay 
Contacts” (Jacquest and Hams); Hist. P.0, Hloc. Engrs., Paper 
No. 118. 
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rapidly by means of a condenser shunted across the con- 
tacts, This condenser charges up when the contacts break 
and thereby absorbs the energy which otherwise would be 
dissipated in the form of a spark. A similar effect occurs 
if the condenser is shunted across the coil. This would 
constitute a perfect spark quenching device were it not for 
certain disadvantages when the contacts re-closed. As the 
condenser would be charged up to the full battery potential 
when the contacts were open, it would be discharged when 
the contacts made, and if there were no series resistance 


Inductive 

Contact. Magnet, 



Fig. 15. Spabk Quench Cihcuit 

in the circuit the discharge current, although momentary, 
would be extremely large. It has been found that this 
heavy current, passing through the inherent small resis- 
tance of the contact, would generate so much heat that 
platinum or other contacts would melt slightly where they 
touched, and would become welded together 

This welding is not always sufficient to prevent the 
springs from separating under their own tension, but when 
they did separate, a portion of one contact would be torn 
off and deposited precariously on the other, resulting in 
rapid destruction of the contacts. It can be guarded against 
by inserting resistance in series with the spark quench con- 
denser, as shown in Fig. 15. Although this resistance pre- 
vents welding, it detracts from the efficiency of the con- 
denser in absorbing the spark energy, so it is necessary to 
decide on the optimum value of capacity and resistance 
for every material and every circuit. 
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The usual circuit which requires ‘‘quenching’* in tele- 
phone practice is that of a 46 ohm selector magnet or of a 
75 ohm uniselector magnet broken by platinum contacts at 
50 volts, and the standard spark quench for this and 
similar circuits has been fixed at 1 /uF. and 200 ohms. In 
those few cases where P.G.S. is used for such circuits the 
best spark quench is 1 juF. and 10 ohms. 

Tungsten has a much higher melting point than the 
other contact materials and therefore does not require such 
a high resistance in the circuit for the prevention of welding ; 
also a larger condenser may be used. A suitable spark 
quench for tungsten contacts is 4 juF, and 0*5 ohms, but 
frequently the normal resistance of the connecting wires is 
sufficient, so that the separate resistance may be omitted. 

An alternative spark quenching device is the shunting 
of the magnet coil with a non-inductive resistance. This 
principle is adopted for the selector release magnet, which 
has a 100 ohm winding shunted internally by a 500 ohm 
non-inductive winding, so that the effective resistance at 
the coil tags is 83 ohms. The non-inductive shunt provides 
the by-pass for the inductive energy when the magnet is 
released, but the energy is dissipated so slowly that it 
increases the releasing time of the armature, and is there- 
fore not suitable in all cases. 



CHAPTER III 

MECHANICAL ADJUSTMENTS 

Adjustment by Tension Gauge (Siemens). 

The adjustment of relays is concerned mainly with the 
spring piles, but reference will be made later in this chapter 
to adjustments of the armature and other parts of the 
magnetic circuit. The current tests or ‘"current adjust- 
ments’’ will be considered mainly in Chapter VI, dealing 
with Relay Design. 

The main adjustment on Siemens and R A.T. type relays 
IS by means of the tension gauge, ensuring that the correct 
contact pressures are obtained. The G.P.O. standard ten- 
sion gauge is shown in Eig. 16 The testing pressure is 
obtained from a spiral spring, which is fixed at one end to 
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an adjusting screw. At the free end is a bell crank lever, 
which transmits the tension to a long pointer. The natural 
tension of the spiral spring may be varied by means of the 
adjusting screw until a given pressure on the pointer (say 
the pressure of one contact on another) is balanced by the 
natural tension of the spiral spring. This condition will be 
revealed by the pointer “floating” between its back stops, 
and the pressure exerted will be indicated on a scale which, 
although calibrated in grammes, really indicates the extent 
of the stretch in the spiral spring. Some other types of 
tension gauge depend on the deflection of a fiat spring, but 
the method of use is similar. 

It will be appreciated that, with a pair of springs of 
different thicknesses, the “contact pressure” which is mea- 
sured by lifting one spring until the contacts separate may be 
different f *o n that measured by depressing the other, and 
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neither of these tensions may represent the true contact 
pressure ; but when one spring is quite rigid so that there is no 
follow/’ the pressure, as measured by the slight deflection 
of the adjacent thin spring, is equal to the actual contact 
pressure between two springs. The “contact” pressure 
specified is usually that required to lift a moving spring from 
a break spring, or a make spring from a moving spring ; in the 
case of the break contact of an MbB assembly, it is the 
pressure required to lift the combined make and break spring 
from the break spring. The pressure between spring and 
buffer is measured by moving the spring away from the 
buffer, and since the buffer is practically rigid this is the 
truest method of measuring minimum contact pressure. 

The fault liability of contacts is increased rapidly as the 
pressure is reduced below 10 grm., and this is considered 
to be the lowest permissible. To cover variations of adjust- 
ment in practice, a higher value than this should be specified 
and Messrs Siemens quote 15 grm. minimum for their class 
B springs (12 mils thick) and 20 grm. mimmum for their 
class C springs (16 mils thick). These two spring thick- 
nesses are the most commonly used; other cases have 
special contact pressures specified on their adjustment 
charts. These pressures have a significance not only with 
regard to the reliability of the contacts, but also in the 
determmation of the operate current. The value of current 
at which the relay will be operated is dependent on the 
tensions of the moving springs, and, therefore, when a relay 
is adjusted by tensions the operate current becomes a 
subsidiary test, and is used only as a check on the accuracy 
of adjustment of the springs. For this reason the mimmum 
operate current specified on Siemens relay is usually well 
in excess of the normal capabilities of the relay. 

In association with adjustments by tension gauge, it is 
necessary to ensure a correct clearance between the con- 
tacts in order to avoid arcing, and also to allow some margin 
of adjustment before the contacts fail to open. A minimum 
clearance of 10 mils is desirable, and Siemens type relays 
are usually specified to have 15 to 20 mils. In conjunction 
with this the armature travel must be considered, although 
for all normal relays Messrs. Siemens have a standard 
travel of 32 mils, measured between the core face and 
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the residual screw in the armature when in the un- 
operated position* If the contacts are required to operate 
in sequence (i.e. x and y contacts), this travel is increased 
to 43 mils. (For the determination of clearance and travel 
see page 46.) In the normal resting position there should 
be a slight clearance, nominally 2 mils, between the ebonite 
pip on the upper limb of the armature and the brass 
lifting pin of the first moving spring, to ensure that the 
first moving spring is resting on its break contact, or on 
its buffer, without interference. A similar pip clearance is 
also required between successive moving springs in each 
pile for the same reason. When measuring armature travel, 
however, the first pip clearance is taken as zero ; thus a 
thickness gauge of the requisite size is inserted in front of 
the core face, the armature is pressed close to it, and in 
this position the ebonite pip on the armature should just 
touch the lifting pin. For a description of the gauges used 
for these tests, see page 42. 

It should be noted that a long travel involves ^^rub” 
or ‘'wipe’’ between contacts when “made,” because the 
springs are virtually “pivoted” at different points This 
may assist somewhat in cleaning the surface of the contact 
metal, but if carried to excess may have the opposite effect 
of collecting dust which has settled on the face and sides 
of the contact. 

Adjustment by Thickness Gauge (A.T.M.)- 

The A.T M. type of spring assembly is adjusted quite 
differently from the Siemens type. Since buffers are not 
used, the make contact pressure may be obtained by mea- 
suring the amount of deflection of the springs , break contacts 
are considered in the next section. The method is known 
as “gauging,” although, more strictly speaking, it should 
be referred to as “space gauging” or “thickness gauging.” 

There is no convenient fixed datum for measuring the 
spring movements directly, but the lever effect of the rocker 
armature produces a useful alternative in the form of the 
gap between armature and pole face at various stages of 
operation of the relay. Thus, a statement that a contact 
“breaks at 10 mils,” means that the contacts separate when 
the relay is operated with a 10 mils thickness gauge inserted 

4~(5664) 
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between the armature and the core , the residual screw, if 
fitted, IS considered as part of the armature for this pur- 
pose. Similarly, a contact which makes at 6 mils'’ closes 
when the relay is operated with a 6 mils gauge in front of 
the core. It must be remembered that, when the relay 
operates normally, the breaking at 10 mils occurs earlier 
than the making at 6 mils. In other words, when un- 
operated, the relay is at a large gauging, which is equal to 
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Fig. 17 . Thickn-bss Gauges 

the ' ‘travel ” or “stroke” of the armature, when operated, 
the gauging is zero. It is preferable to operate the relay 
electrically rather than by hand for these tests, in order to 
obtain the true working conditions, especially m cases where 
the armature bearing pin is worn The G.P.O. standard 
thickness gauges consist of flat strips of steel, approxi- 
mately ^ in. wide and 3 in. long, and are supplied in sets 
of various thicknesses from 1 J mils upwards (Fig. 17). They 
are shown clamped together temporarily by means of the 
hole at the lower end of each. 

The method of denoting spring gauging on adjustment 
charts is shown in Fig. 18. The charts refer to R.H. 
relays with standard gauging, that at (A) being for a 
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normal armature with. 3 : 1 ratio, and that at (B) for a 2 ;1 
ratio; also, the relay depicted at (A) has a double lever 
armature, and therefore two spring piles. Considering this 
relay first, it will be seen that to the left of the first spring 
of the upper pile is inserted the figure “22,” which denotes 
the armature travel in mils ; travel is always specified on 
relays which have make contacts that operate first, because 
the moving spring rests against the armature lever and the 
travel determines the contact opemng. Between springs 
1 and 2 is the figure “18,” which is the gauging at which 
the X contacts must touch. Similarly the remaining make 
contacts, 6 and 7, and 8 and 9, are shown to have a gauging 
of 6 mils each, indicating that they operate simultaneously. 
Satisfactory make contact pressure is assured by the fact 
that, after making, the springs are moved 18 mils by the 
armature, i.e. 6 mils (gaugmg) X 3 (the armature ratio). 
The actual tension resulting from this movement depends 
on the cube of the thickness of the spring. A table of 
spring thicknesses is given later. 

Gauging of Break Contacts (A.T.M.). 

Break contact pressure is dependent on the natural ten- 
sion of the moving spring against the break spring when 
the relay is unoperated As bluffers are not used, the break 
spring is made much stouter than the rest in order to pro- 
vide a semi-rigid support agamst which the moving spring 
may rest. The downward pressure of the moving spring 
itself is controlled by a current test on the relay as 
a whole, namely, a specification that the moving springs 
must be tensioned down so stiffly that the relay will not 
operate at less than a certain figure, called the “ non- 
operate” current. 

There is a further requirement, however, if more than 
one break contact is included in a single spring pile. Upon 
examination of the upper spring pile in Fig. 18 (A), it will be 
seen that the first break has a gauging of 11 mils, and the 
second break (part of the break-make assembly) has a gaug- 
ing of 10 mils ; if there were four break contacts they would 
have 13, 12, 11, and 10 mils in succession, 10 mils being 
the minimum in most cases. (The BMbB is an exception.) 
This means that as the relay releases, the outside break 
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contacts close first, followed by the remainder in definite 
sequence, and because each break spring is ri^d, it prevents 
its corresponding moving spring from travelling any nearer 
to the armature. The result is that the moving springs 
become separated slightly (the loosely fitting collets allow 
this), each resting on the corresponding break contact with 
its normal tension. This is shown diagrammatically on the 
chart. 

In addition, there should be a small clearance (2 mils) 
between the armature lever and the moving spring of 
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the first break contact assembly when in the operated 
position. Assuming, therefore, that the spring load corre- 
sponding to the non- operate current is shared equally by 
the several moving springs, the break contacts will each 
receive their correct pressure. By contrast, it will be appre- 
ciated that if, on release, all the break contacts were to 
close at the same time, it would be impossible to say which 
of them were receiving the combined pressure of several 
moving springs and which were receiving none. 

For the purpose of determining the total pressure of all 
the break contacts, the '^non-operate^' current test should 
be a measure, not of the armature load when the moving 
springs are at rest, i.e. supported, but of the combined 
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tensions of the moving springs without any support from the 
break springs, i e. when all the break contacts have just 
separated. This test cannot be carried out because of the 
separating of the break contacts at different times, and in 
practice a compromise is accepted by allowing just a few of 
the break contacts to open during the non-operate test. 
For example, on a single-arm relay having three or more 
break contacts, the first two contacts may break wdth the 
specified non-operate current, and a similar scheme is 
adopted for a double-arm relay, although in that case the 
maximum number of contacts to be opened is one in each 
spring pile. 

Make-before-break assemblies are considered quite separ- 
ately from the other contacts in the spring pile, the gaug- 
ings being arrived at largely with a view to obtaining correct 
functioning of the contacts within the assembly The figures 
shown on the chart are typical 

Gauging of Complete Spring Piles. 

In the case of mixed contact assemblies in a single spring 
pile, it IS usual to place breaks first, then break-makes, 
makes, and finally MbB assemblies. This enables the gaug- 
ing to be arranged convemently and, in some cases, also 
enables the tensions of the moving springs of the upper 
make assemblies to assist in the provision of a good pressure 
on the break contacts Exceptions are made only in the case 
of X or y contacts, where the order of operation must be 
considered, e g springs 30 and 31 in the relay showm in 
Fig. 18 (A) The use of a 2. 1 armature in place of the 
normal 3 1 armature, considered m the previous section, 
involves different gauging figures, as can be seen by com- 
paring the two relays in Fig 18, but the general scheme of 
adjustments is unaltered 

The thicknesses of springs for the various functions have 
been standardized by the A.T.M Co. into various classes,” 
the two which are most common at present being set out 
below Class 1 is used for all general purposes, but Class 3 
IS used for most slow releasing relays where spring tension 
has to be reduced to a minimum. 

As a rule there is no distinction between the gaugings 
for Class 1 and Class 3 spring sets, but special relays, such 
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as impulsing, two-step, or shunt-field relays, have not only 
special gauging, but also special spring thicknesses. 


Function of Spring 

Class 1 

Class 3 

Moving springs 

12 mils 

10 mils 

a; makes ..... 

12 „ 

10 „ 

Makes . . . . 

16 „ 

10 

First break .... 

24 „ 

32 „ 

Subsequent breaks 

24 „ 

24 „ 

Double contact springs on MbB’s 

12 „ 

1 

10 „ 


Other Gauging Adjustments. 

The determination of the contact clearance on Siemens 
type relays, as mentioned previously in connection with 
tension adjustments, is carried out by direct measurement, 
not by the system of armature movements. If thickness 
gauges of the normal broad-bladed type are used, it is 
difficult to observe whether the contacts are being deflected 
by the insertion of the gauge or whether they are just 
touching. An advantage is gained, however, by using the 
small wire type gauges seen in Fig. 17. Armature travel is 
measured, as usual, by means of broad-bladed gauges. 

Residual gap, i.e. the projection of the residual pip or 
screw beyond the inner face of the armature is measured 
by direct gauging, and, in order to cater for the possibility 
of non-alignment of core face and armature, it is desirable 
to use a thickness gauge with a hole punched in one end. 
All the gauges shown in Fig. 17 are provided with this 
facility, the hole being used for clamping them together. 
The method of measurement is to insert the gauge under 
the armature with the residual screw projecting through 
the hole, and then to press the armature hard up to the 
core by hand. If the gauge is larger than the residual gap, 
it will be held rigidly between armature and core ; if it is 
smaller, the gauge will be slack , if the thickness gauge is 
equal to the residual gap, it will be so held that there is 
just sufficient freedom for it to slide between the armature 
and core face, within the boundaries imposed by the hole 
in the gauge through which the residual screw is projecting 
Three-pip residuals of the Siemens type are measured in a 
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similar manner, except that a thickness gauge, with a narrow 
tip (Fig. 17) is used. The tip of the gauge is inserted between 
the residual pips, and the '^sliding’’ test is carried out as 
before. 

It should be noted that the armature cannot be operated 
electrically for these tests, because the standard gauges are 
magnetic and would be attracted tightly against the core. 

The hinge air-gap between armature and yoke is adjusted 
to the 1^ mils usually specified, by first loosening the fixing 
screw of the bracket which holds the armature bearing pin 
to the yoke, then inserting the mils gauge in the gap, 
operating the armature electrically, and finally tightening 
the bracket-fixing screws with the armature in this position. 
For this test the residual screw, if adjustable, should be 
withdrawn in order to ensure the minimum gap under the 
worst conditions. 

Tolerances on gauging adjustments are normally it 2 mils, 
but there are limitations in the case of spring assemblies 
which have a special order of operation, e g. BM or MbB, 
and also m other cases where the gauging figure is small. A 
notable example is the 1| miP’ residual gap, which may be 
interpreted as “greater than 0, but less than 3 mils.'’ 

Adjustment Tools, 

For the purpose of making the adjustments detailed in 
the preceding paragraphs, a number of special tools are 
available, and a brief selection of the tools required are 
described below together wdth some indication of the 
method of manipulation The tools required for armature 
adjustments are showui in Fig. 19 and those for spring 
adjustments in Fig 20 

(A) The bending tool for A T.M. type armatures consists 
of a flat strip of steel, at each end of which is a shallow 
groove, which can be made to engage firmly with the arma- 
ture lever. Provided that the armature hinge is fixed rigidly 
on the relay yoke a good purchase can be obtained for 
bending the arm to get the specified armature travel. 

(jB) The bending tool for Siemens type armatures is 
necessarily quite different, and as the armature can be 
removed from the relay quite easily, and can be replaced 
accurately without further gauging because of the knife 
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and armature proper can then be adjusted with the fingers 
quite easily, and the armature can be replaced and adjusted 
alternately until the correct travel has been obtained. Care 
should be taken to bend the armature only at the V-bend, 
and therefore the vertical pins of the tool should be as near 
to the bend as possible. 

(C) The guide for introducing Siemens type armatures 
under the spring piles is merely a flat strip of xylonite, 
which can be used in the same way as a “shoe horn.” It 
is of great assistance in the case of large spring assemblies, 
and prevents damage to the lower springs when replacing 
the armature. 

(D) A spanner for the adjustment of residual screw lock- 
ing nuts is required. In place of the ordinary double-ended 
spanner illustrated, a special combination tool is sometimes 
used, consisting of a box spanner, for the locking nut, and a 
small screwdriver in the centre for adjusting the residual 
screw itself. 

(E) Screwdrivers of normal pattern are necessary for the 
holding screws of the spring assemblies as well as for the 
residual screw 

(F) Straight duckbill pliers are used for bending contact 
springs, provided that easy access can be obtained to the 
sides of the spring They have a broad nose, in. across, 
but the thickness of the limbs is very small at the tips ; this 
enables a spring to be manipulated without undue inter- 
ference with the neighbouring springs 

((?) Bent duckbill pliers, as their name implies, are similar 
to the above, except that the nose is bent at an angle to 
facilitate access to springs on relays which are mounted 
very close together. Although these duckbill pliers are 
described as bending tools (and these remarks refer also to 
the special spring bending tools described below), the cor- 
rect method of adjusting a spring is not by bending alone, 
but by “stroking” If a contact is adjusted by bending 
the spring at one point only, the deflection of the spring is 
concentrated at that point, with a consequent liability to 
fracture, especially after several readjustments . moreover, 
the “humped-back” shape which results may cause adja- 
cent springs to touch. If, however, the spring is first gripped 
with the tool near the fixed end, and the bending action is 
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accompanied by the dxa-wing of the tool along the spring 
with a “stroking” motion, the spring is bent evenly into 
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Fig. 20 . Tools for Spring Adjustments 

the form of a curve instead of a hnmped'-back, and the 
disadvantages mentioned do not arise 

(H) An alternative spring bending tool for A.T.M. type 
relays consists of a bent steel bar, at each end of which is 
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a thicker projection slotted to take a spring of average 
thickness. This takes the place of the bent duckbill pliers, 
and although the spring is gripped loosely instead of rigidly 
the combined ben^ng and stroking motion can be carried 
out quite easily A double-ended tool is provided to suit 
either R.H. or L.H. relays. 

(I) An alternative spring bending tool for Siemens type 
relay is claw shaped, and grips both sides of the spring at 
once. This method is rendered possible by the use of parallel 
sided contact springs. The tool is again double-ended, but 
in this ease the two ends diJffer only in the relative lengths 
of the pairs of claws, one end bemg suitable for depressing 
springs towards the armature, in the manner shown in the 
illustration, and the other for bending the springs in the 
reverse direction This type of tool can be used for adjust- 
ing a centre spring pile, where the pliers are useless because 
of the lack of free space at the side for manipulation. 

(J) A special bending tool for A T.M type back stops is 
necessary, because of the small clearance that exists between 
relays when mounted. It consists of a fiat strip of steel, off- 
set for convenience, and slotted at each end to engage with 
the front edge of the back stop. This type of tool can also 
be used wuth discretion on contact springs 

(A) The contact cleaner is a short strip of steel slightly 
roughened at one end. This roughening is little more than 
a “matt” surface; it should be noted that, on the small 
contacts normally used, a file is quite unnecessary and 
should not be used under any circumstances. 

{L) The contact insulating wedge, although not an adjust- 
ment tool, is an important part of the tool kit. It is merely 
a flat strip of smooth vulcanized fibre for inserting between 
normally made contacts when it is required to insulate them 
for circuit testing reasons (see page 102). On no account 
should slips of paper be used for this purpose, because 
microscopic fragments of the paper cling to any rough sur- 
faces on the contacts and produce intermittent faults which 
are very troublesome later. 



CHAPTER IV 

INDUCTIVE EFFECTS 


Fast Relays. 

The “Standard Fast” relay is the normal type used in 
automatic telephony, and is so called to distinguish it from 
the slow-operating or releasmg relays considered later. A 
brief consideration is necessary to show why it is fast in 
action, as compared with others. 

Fig 21 (a) shows in diagrammatic form the path of flux 
in the magnetic circuit. When the current is switched on, 
the rising flux generates a back E M.F. in the turns of the 
winding, so that the current i rises according to the well- 
known Helmholtz Law — 

r 

I = final steady current, — 

/ _m\ e = 2*718 

-^/j where ■ _ resistance of winding 

t = time measured from start 
L = inductance of winding 


The inductance is proportional to the square of the turns, 

and the value ~ is known as the time constant of the wind- 

Jti 

ing, since it is a measure of the time taken for the current to 
rise to a given fraction (approximately of its Hnal steady 
value A graphical record of the rise of current according 
to Helmholtz’s Law would be similar in character to the 
curve marked “Current in Coil” in Fig 22 

In a fast relay there is little to prevent the rise of flux 
from following the same type of curve as the rise of current, 
except perhaps the small eddy currents in the metal parts 
in and around the relay, so the time constant of the elec- 
trical circuit IS a fair indication of the time taken for the 
magnetic flux to reach the value at which the relay operates 
(“operate flux”). After the armature has been attracted, 
there is a further increase in flux beyond the equivalent 
current value, owing to the reduction of the air-gap between 
armature and core. 
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On disconnection of the circuit, the previously steady 
current drops to zero immediately, but the fall of flux is 
delayed by the eddy currents which are produced by the 
comparatively rapid flux change The graph of the fall 
of flux IS not quite the same as a Helmholtz curve, owing 
to saturation effects The releasing lag is determined by 
the time taken for the flux to fall to a value at which the 
armature can no longer remain operated. 

The release may be assisted considerably by the use of 
a large residual air-gap when the relay is in the operated 
position, as it reduces the normal value of flux when the 
armature is operated, but it also involves a shorter travel, 
or, if the armature is moved farther away to compensate 
for the space taken by the residual gap, a higher operate 
current Small inertia of the movmg parts is essential to 
fast operation as well as release, but this is found in all 
t 3 rpes of telephone relays. Operating and releasing lags as 
small as 5 mS. (milliseconds) are quite common, but a 
reasonable figure to assume for a fast relay with 3 or 4 
spring assemblies is about 20-40 mS. (See Appendix I.) 
For a particularly fast operating lag it is necessary to use 
a ‘‘nickel-iron’’ relay (see page 60). Impulsing relays are 
considered separately in Chapter VII. 

Slow-releasing Relays, 

Fig. 21 (6) and (c) shows a relay which has part of its 
“winding space” at the heel end occupied by a “slug” or 
annular ring made of solid copper. This is equivalent to a 
short-circuited winding having one turn of extremely low 
resistance and, by the laws of induction, the effect is 
(1) to reduce the impedance of the main winding, and (2) to 
oppose, by means of an induced current in the slug, any 
change of flux in that part of the core which it surrounds 
(Lenz’s Law). This has little effect when the current in the 
main winding is first switched on, because the mam flux 
can leak across the gap between core and yoke, as shown, 
until the inductive effect of the flux has died down; in 
addition, the reduced electrical inductance allow's a faster 
growth of current in the coil. 

On disconnecting the circuit the coil impedance plays no 
part, because the current drops to zero immediately, but 
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the tendency of the slug current is to maintain the flux 
above.the releasing value as long as possible by means of 
the current induced in it. When considering the time lags 
of relays it is most important to separate ‘'inductance’’ or 
impedance of the winding (affecting growth of current in 
the coil) and “ eddy currents ” induced in the slug (producing 
an opposing flux) 

A method of producing a long releasing lag other than 
by the use of slugs is the lowering of the releasing flux. 
This may be achieved by reduction of spring pressures (i.e. 
thinner springs), by reduction of armature leverage from 
3 : 1 to 2 : 1 (on A.T.M. type relays) and by the use of as few 
contact springs as possible. Also, the value of the normal 
steady flux which has to fall to the releasing ralue can be 
increased by the reduction of the residual air-gap. It is not 
desirable, however, to reduce the residual below mil s, as 
after a comparatively short time the residual screw wears a 
dent through the nickel or zinc plating of the pole face and 
the residual air-gap may become almost zero ; this may re- 
duce the reluctance so much that the relay will be operated 
permanently by the residual flux in the core and yoke. For 
the same reason special care should be taken on slow-releas- 
ing relays of the A.T.M. type to ensure the maintenance of 
the correct hinge air-gap. 

A common releasing lag for this type of relay is 350-500 
mS. A lag of 1,000 mS. (1 second) is not unknown, although 
this can be obtained only with light spring tensions and 
poor contact pressure. The application of this type of relay 
to selector impulsing circuits is given on pages 112 and 128. 

Slow-operating Relays. 

Fig. 21 {d) shows the distribution of flux when switching 
on the current in a relay which has a slug at the armature 
end As in the previous case, the flux tends to leak across 
the space between the core and the yoke rather than pass 
through the slug, but the difference lies in the fact that the 
leakage is away from, instead of towards, the armature. 
Therefore, the relay will not operate until the back E.M F 
in the slug has died down sufficiently to allow the majority 
of the flux to traverse the armature air-gap, and a long 
operating lag is the result. 
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This is illustrated by the graph in Fig. 22, It is seen that 
when the circuit is connected, an opposing current is induced 
in the slug, thus causing the main flux, i.e. the flux in the 
slug (and in the armature air-gap), to rise very slowly. In 



Eia. 22 Current and Flux in a Slow-operating Relay 

* Slug ciuient is sho\’iTi in terms of the cquiv«ilcnt 
coil current 


spite of this, there appears to be some other rising flux 
which causes the coil current to be impeded right from the 
start in accordance with the Helmholtz Law of inductance 
effects ; this is the leakage flux indicated in Fig. 21 {d). 
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It would appear from the consideration of the flux path 
in Fig. 21 (e) that the releasing lag in the case of an armature 
end slug should not be different from that of a heel end 
slug, since the flux produced by the eddy currents still 
tends to keep the armature attracted, but, in practice, the 
slow-operating relay is assisted by a heavy tension on the 
relay springs, whereas the slow-releasing relay has thin 
springs and light tensions. Even with heavy tensions it is 
difficult to obtain an operating lag greater than 150 mS. 
Operating lags of 50 to 100 mS. are more common. 

Sleeved Relays. 

Some relays have a copper slug which extends the whole 
length of the relay, the equivalent of an armature and heel 
end slug all in one, forming a “sleeve” completely covering 
the core. A “sleeve” is of lesser diameter than a “slug,” 
and the coil is wound outside it. (See Fig. 21 (/).) The rise 
as well as the fall of flux is delayed by the back E.M.F/s 
induced in the copper, and, therefore, the effect is not differ- 
ent in principle from that of the armature end slug 

A more common equivalent of the sleeved relay is the 
double-wound relay with one winding short circuited. The 
effects produced are not so great, but the double-wound 
relay is useful if it is desired to make the relay either fast 
or slow at will, this being achieved by suitable control 
contacts in the short circuit across the winding. Single coil 
relays may also be used in this way by shunting the coil 
with a resistance or another relay of low impedance, thus 
diverting the initial current on operation and preventing 
the immediate fall of current on release. The effect is par- 
ticularly noticeable on the releasing lags of slow relays, an 
increase of 20 per cent in the time of a selector B relay 
being a common result of providing another relay in 
parallel 

For the G.P.O. standard method of representing slugs 
and sleeves in schematic diagrams, reference should be 
made to Fig 9. 

Ringing Trip Relays. 

This type of relay remains unoperated when ringing 
current at 16 cycles per second is passed through it, but 

5— (5664) 
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operates when direct current is superposed on the alter- 
nating current. A relay will not respond to the alternating 
current if it is slow enough in operating and releasing, and, 
therefore, ringing trip relays are provided with armature 
end slugs, and sometimes a sleeve in addition 

The requirements are particularly severe in the case of 
the Gnal selector F relay, which is inserted in series with 
the ringing current supply (Fig. 12). When a subscriber 
is bemg rung the alternating current passes, but, as the 
bell in the subscriber’s instrument is in series with a 2 ^F 
condenser, the battery potential which is superposed on the 
A.C. is prevented from producing a direct current, and, 
therefore, the F relay remains unoperated. When the call 
IS answered, the condenser in the subscriber’s instrument 
is shunted by a low resistance, so that the direct current 
can pass and produce the operation of the F relay Among 
the functions of the relay on operation is the “ tripping ” 
(disconnecting) of the ringing circuit ; hence its name. 

A double-wound relay is employed, having a “line” 
winding of 200 ohms for operating an x contact, and a 
“locking” winding of 1,300 ohms connected in series with 
the X contact and the exchange battery. This provides for 
sensitivity when working over long lines, and also enables 
the relay to be held operated after the line coil has been 
disconnected. 

The greatest difficulty, however, is in the prevention of 
the ringing trip relay from operating falsely under A C. 
conditions owing to abnormal surges of current which may 
occur in practice. For this reason it is preferable to test 
for non-operation by means of an A.C. circuit simulating 
working conditions rather than by a D.C. non-operate cur- 
rent test. Such a circuit is shown in Fig. 23. The F relay 
is shown in a skeleton final selector circuit, and is connected 
by means of a plug and lack to two parallel circuits, one 
of 1 ^F. in series with a 1,000 ohm inductive coil, and the 
other of 4 ^F. in series with a 1,000 ohm inductive coil 
shunted by a 1,000 ohm bell. This, together with a 100 
ohm series resistance, represents the worst subscriber’s 
circuit met with in practice. In addition, it will be noted 
that prior to plugging in to this test circuit, the condensers 
are charged to the 50 volt battery potential via the break 
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contacts of relay K whick is connected to the bush of the 
jack. This is a condition which occurs in practice, and is 
included in the test because the subsequent discharging of 
those condensers and charging in the reverse direction may 
be a cause of premature tripping. 

When, however, the D.C. test is used instead of the 
above, the usual test currents for x operation, measured 
on the 200 ohm winding, are: — ^non-operate at 23 mA,, 
operate at 26-5 mA. ; or, if measured on the 1,300 ohm coil 


Final Selector. Testing Gfpcuit. 



Alternative | 
Representation . 


Fig. 23 . KxNGiisrG Tbip Belay, Non- operate Test 

for convenience, non-operate at 9 mA , operate at 10*3 mA. 
The operate current test for the complete spring assembly, 
measured on the 1,300 ohm coil is 20 mA 

The conventional method of representing ringing trip 
relays in schematic diagrams is usually the same as for 
ordinary telephone relays with armature end slugs but 
sometimes the ‘‘blocking” of the end is omitted, and the 
A.C. symbol is inserted as shown in the inset of Fig. 23. 

Balanced Windings. 

There are certain relays with a requirement of fairly 
high impedance ; for example, the double-wound relay con- 
nected in the battery and earth feeds to a transmission line 
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(relays A and D in Kg. 59). High impedance is necessary 
to reduce as far as possible the leakage of speech currents 
both to and from the battery, which is common to an 
exchange. There is a further requirement, however, that 
the impedances of the two windings of a double-wound relay 
used in this way must be balanced at speech frequencies 
It is not possible here to go deeply into the transmission 
reason for balanced windings, but it may be stated simply 
that it is to prevent overhearing and other inductive dis- 
turbances between one telephone circuit and another. The 
amount of unbalance usually permitted is 5 per cent, and 
a typical relay with D.C. resistance of 200 + 200 ohms has an 
impedance of 5,000 to 10,000 ohms at 800 cycles per second. 

In most manual telephone circuits, and in a few auto- 
matic circuits, two separate relays are used in place of the 
double-wound relay, thus permitting signalling on the two 
lines individually. If signalling is required on one line only, 
the contacts are omitted from the relay on the other line, 
so that it becomes merely a retard.” It will be appreciated 
that where two separate relays or retards are employed, 
they must be specially balanced and must not be separated. 
They are considered as a "'balanced” pair; in other words, 
if one relay of a balanced combination is faulty, the pair of 
relays must be replaced. 

Nickel-iron Relays. 

When specially high impedance is required, the cores 
(and sometimes the armature also) are made of a nickel- 
iron or nickel-steel alloy (approximately 50 per cent nickel) 
instead of soft iron. These alloys have a higher permea- 
bility and a higher electrical resistance (to eddy currents), 
both characteristics producing a higher impedance in the 
winding. An example of a nickel-iron relay is relay I in 
the auto-to-auto relay set (Fig. 60). In many cases it is 
better to retain the soft iron core but to add a thin nickel- 
iron sleeve or several concentric sleeves. This is partly 
because the eddy currents will be confined to the skin of 
the core (or sleeve) nearest the winding, and also because 
the sleeve is less saturated by the normal D.C. flux, giving 
even higher permeability. Some measurements on nickel- 
iron sleeved relays (commonly known as “nickel-sleeved” 
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relays) show impedances at speech frequencies 50 per cent 
to 150 per cent higher than for similar relays with soft iron 
cores. 

Another property of nickel-iron relays (26 per cent Ni) is 
a reduction in operating and releasing lags to about two- 
thirds their original value, the permeability of this alloy 
being less than in the previous case. Special relays are in 
use having releasing lags as low as 1 mS., but, as this is 
assisted by heavy spring tensions as well as nickel-iron cores, 
the operating lag may be increased to about 50 mS. 

Liaminated cores also obstruct eddy currents and increase 
the impedance for a given resistance, but they are not used 
normally in automatic telephony. 

Silicon steel (up to 5 per cent silicon) has properties sim- 
ilar to nickel steel, although to a lesser extent, and is used 
only occasionally for relay work. It is better known in 
connection with telephone receiver diaphragms in the form 
of “stalloy” (4 per cent silicon, 0-2 per cent aluminium). 



CHAPTER V 

SPECIAL BELAYS 


Two-step Relays. 

These are so called because of their operation in two steps 
in the type of circuit shown in Eig. 24. Two separate 
windings are provided, the jSrst (500 ohms) being so ineffi- 
cient that it cannot operate more than the x contact, whilst 
the second winding (1,000 ohms) is sufficiently powerful 
to operate all the contacts when both windings are con- 
nected in series. Thus, in the circuit shown, the closing of 



Circuit 
connected on 
Second Step. 



K 



Eig. 24 Two-step Relay Ctpctjit 


the starting contacts energizes the first winding to operate 
the X contacts, i.e. the first step, but the second winding 
receives no current owing to the short circuit via the 
starting contacts. On opening the starting contacts, how- 
ever, the short circuit is removed and the relay operates 
fully, i.e. takes its second step, owing to the energizing 
of the two coils in series. In the example shown, the 
TS5 contact is utilized to divert subsequent operations of 
the starting contacts to some other circuit, the two-step 
relay remaining locked in the operated position. 

In its broader sense, however, a two-step relay is any 
relay having an x contact assembly which is operated by 
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an initial small magnetic flux, and a main contact assembly 
which, together with the x contact, is operated by a sub- 
sequent greater flux. In general, it is not practicable to 
obtain two-step operation unless there is a large main 
spring pile giving a generous margin between the operate 
currents for the main and x contacts. 


Shunt Field Relays* 

These are double coil relays which will not operate when 
one coil only is energized or when the two coils are energized 
in opposite directions, but will operate when both are 
energized in the same direction. The coils are placed side 












1 Un operated 


Operated 


Fig 25. Shunt Field Belax (A T.M ) 


by side "with a common yoke and pole face, as shown in 
Fig. 25, and the upper drawing shows the result of passing 
current in the windings in opposite directions. It will be 
seen that the flux circulates round a local path and does 
not affect the armature. A similar result is obtained by 
passing current through one winding only, because the air 
gap at the armature presents a higher reluctance than the 
core of the unenergized coil. The lower drawing shows the 
main path of the flux when the two coils produce fluxes in 
the same direction. In this case the twin coils act exactly 
as if they were one, as in an ordinary single coil relay, and 
the passage of the flux across the armature gap causes the 
armature to be attracted in the usual manner. 

This type of relay is frequently used as a polarized” 
relay, by having one winding permanently energized as a 
^'polarizing coil.’’ Thus the relay will operate or release 
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according to the direction of the flux in the other coil. 
The ‘^permanent’' polarized relay is described below. 

Polarized Relays. 

This term is applied to relays which contain a cobalt 
steel permanent magnet in series with the main mag- 
netic circuit, and thus will operate only with current in 
one direction. The principle of construction of the single 



(b) 

Pig. 26 . Poilabized Relays 

coil type is shown diagrammatically in Fig. 26 {a), where 
it will be seen that, although the flux produced by the 
small permanent magnet tends to attract the armature to 
the core, it is prevented from doing so under normal con- 
ditions by an auxiliary spiral spring, which is mounted on 
the yoke as shown. When the direction of the current in 
the winding is such that the flux induced opposes the per- 
manent magnet, then the resultant flux in the armature 
gap is reduced and the relay remains unoperated, but when 
the polarity is such that the flux adds to that of the magnet, 
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the tension of the spring which has been holding the arma- 
ture back is overcome and the relay operates. This type 
of relay is used in coded call indicator working, and the 
contacts are of the rigid type as fitted to the marginal 
relays described in the next section. 

It will be apparent from the foregoing description of 
flux conditions that if a very large current is passed through 
the coil in the non-operating direction the flux produced 
may exceed that of the permanent magnet, and then the 
armature may be attracted by the excess flux. This trouble 
may be avoided usually by designing the relay to suit 
particular circuits, but there is a polarized relay which, 
although being non-standard as regards overall dimensions 
and mounting, has the advantage of remaining unoperated, 
no matter how great the non-operating flux. It is merely 
an adaptation of the standard mechanism for subscribers’ 
A.C. bells and is shown m Fig. 26 (b). In principle it con- 
sists of two relays, back to back, with a common yoke and 
a common double armature with a central pivot. The 
yoke itself is a permanent magnet, and the two coils are 
so connected in series that the flux produced by the current 
passes from one end of the armature to the other and does 
not traverse the permanent magnet to any appreciable 
extent. Thus, when current is flowing in the non-operating 
direction, the top of the left-hand coil in Fig 26 (b) becomes 
a S. pole, and the top of the right-hand coil is a IST. pole, 
producing attraction in the non-operating direction and 
repulsion in the operating direction. On reversal of the 
current, the polarities of the coils are transposed, and 
attraction takes place on the right-hand side of the armature 
and operation results. When no current is flowing, the 
armature may remain attracted to one or other coil accord- 
ing to chance, but, in practice, the restoring pressure of the 
contact springs (not shown on the diagram) ensures that 
the armature takes up the unoperated position. 

The telegraph relay considered later is also a polarized 
relay. 

Marginal Relays. 

In certain circuits there is a very narrow margin available 
between the maximum current at which a relay must 
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remain unoperated and the minimum current at which it 
must operate. Such circuit conditions occur in coded call 
indicator working and, since a single contact assembly is’ 
all that is required, the relay shown in Fig. 27 is used. The 
coil and the magnetic circuit are identical with ordinary 
auto-type relays, but the contacts are rigid, the ‘‘moving” 
contact being fixed to the tip of the armatui'e lever, whilst 
the “make” contact is mounted on a stiff spring, the 
position of which is controlled accurately by an adjustable 



Fig. 27 Marginal Belay (A.T M.) 

screw ; the normal contact opening is only 2-J- mils. Adjust- 
ment of armature travel, normally 7 mils, is provided by 
means of a micrometer screw which bears on the back-stop 
spring, and the restoring pressure on the armature is pro- 
vided by a spiral spring whose tension can be varied to 
meet the specified operating and non-operating conditions 
Thus a very accurate adjustment can be made, and the 
relay can be depended upon to retain its characteristics for 
long periods 

Pendulum Relays. 

This name has been applied to relays whose armatures 
are weighted in such a maimer that the time lags are 
controlled on the principle of the pendulum. Standard 
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autotype relays may be adapted to this principle quite 
easily, as can be seen from the A.T.M, relay illustrated in 
Fig. 28 ; it is mounted on its side just as an ordinary A.T.M. 
type relay. The yoke is cut short, and the missing portion 
is replaced by a flat steel spring 
clamped at one end between 
the spring pile and the yoke, 
and fitted at the free end with 
an adjustable brass weight or 
bob . ' ’ In place of the normal 
armature, a fixed pole piece is 
provided, leaving an air gap 
between the pole face and the 
flexible steel strip which now 
forms the true armature. The 
auxiliary nickel-silver strip pro- 
jecting from the pole piece acts 
as a ‘'stop spring,” preventing 
excessive bending of the arma- 
ture spring. The contact springs 
are actuated directly by the 
armature spring, and the con- 
tact openings, etc , may be va- 
ried by adjusting screws, which 
are provided with ebonite tips 
where they touch the springs. 

These relays are rarely used 
except for the generation of 
trains of impulses, i e. repeated 
operation and release with 
definite time lags, and for this 
reason pendulum relays are 
often referred to as “vibratory 
relays.” Another title in com- 
mon use is “blobber relay ” 

The relay illustrated is ar- Fig 28. Pendulum Relay 
ranged to operate on the trem- 
bler bell principle, one pair of contacts being used to short- 
circuit the coil when the armature spring is attracted In 
other types the armature acts as a true pendulum, the steel 
spring being attracted to one side initially, then released, 
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after which the armature spring oscillates for about 5 
seconds before the amplitude becomes too small to actu- 
ate the contacts. In general, a pendulum relay may be 
used where a complete cycle of operation and release is 
required with constant time lags, i.e. constant speed of 
impulsing ; the individual lags of operation or release are 
dependent on contact openings, and, therefore, the ratio 
of make to break in the case of impulsing is aflfected by 
contact wear ; it is also affected by the amplitude of vibra- 
tion of the armature spring The standard speed of im- 
pulsing is 10 impulses per second with a break period of 
66-6 mS. and a make period of 33*3 mS. 

Although not strictly pendulum relays, the vibratory 
relays used for generating tones are of the same class. The 
frequencies usually required are 133 or 400 cycles per 
second, and therefore the armature spring is shorter and 
stiffer, and has no additional weight or “bob.’’ The travel 
is, of course, very small, and therefore it is not possible to 
actuate any contacts other than those which are designed 
for the trembler bell action However, these contacts can 
be used quite satisfactorily for the dual purpose of self- 
drive and tone generation (See also “Voice Frequency 
Relays,” later.) 

Interlocking Relays. 

Mechanical interlocking between relays is rare in auto- 
matic telephony, but the A.T.M. type of subscribers, “line” 
and “cut-off ’’^relays described 'below is of importance, not 
only because of the interlocking but because the unusual 
type of construction has been retained by that manufac- 
turer even when the interlocking facility has been omitted. 

The cores and coils are of the same type as in the standard 
A.T.M. auto relay, but are slightly shorter. They are 
secured to a common iron back plate with the usual iron 
screw, but the armature in each case is at the side of the 
core in the position normally occupied by the yoke (Fig. 29). 
The “cut-off” relay, K (at the top), has its armature on 
the left-hand side, and the “line” relay, L, has its armature 
on the right. A “hinge” is formed at the heel end of 
each armature by two small lugs fitting loosely in holes 
in the back plate, and the parts are held together by a 
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spiral spring. The contact springs for both relays are 
mounted in one continuous line at the top of the assembly, 
and are actuated by long vertical projections at the forward 
ends of the armatures, the K relay contacts being operated 
from left to right, and the L relay contacts being operated 
in the reverse direction Near the front ends of the springs 
is a slotted bridge-piece of eborute, which provides buffers 



Fig. 29. iNTEHiiOOKiNG Relays 

for all make and break contacts. The large metal plate 
which covers the front ends of the cores is non-magnetic, 
serving merely as a mounting for the interlocking lever, 
but underneath this plate are pole pieces individual to each 
relay: the front plate is cut away to reveal the pole faces, 
so that the gap between pole and armature can be adjusted. 
The ‘‘residual” on the armature of the L relay is adjustable, 
consisting of a nickel-silver strip with a small bent “finger” 
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overlapping the end of the armature, so that it can strike the 
pole face and leave a residual air gap between armature and 
pole when in the operated position. This strip is secured 
to the armature by two screws, but as it is bent into a 
slightly concave form, the extent of the residual gap can be 
adjusted by tightening or loosening these screws. The resi- 
dual gap on the K relay is fixed by a small brass pip 
riveted on the inner side of the armature. 

The interlocking lever, or ““latch,” on the front plate 

engages with short lugs at the 
front ends of the armatures. 
In the resting position as 
shown, it will prevent the full 
operation if the upper relay, K 
(the armature being on the left 
side), and the contact springs 
are adjusted so that in this 
half-operated position all break 
contacts are broken, but none 
of the make contacts are closed ; 
this is a requirement of the 
A.T.M. subscribers’ uniselector 
circuit for non- director areas 
If, however, the K relay is 
operated subsequently to the 
operation of L, then the latch 
Pig 30 Flat-type Kelay is moved out of engagement by 

the L relay armature, and K can 
operate fully without obstruction. As has been mentioned 
previously, this type of line and cut-off relay assembly may 
be used without the interlocking facility, in which case the 
only difference is the omission of the latch. 

Flat Type Relays. 

The normal A.T.M. and Siemens auto type relays, as 
described in Chapter I, have the same approximate dimen- 
sions, viz., 3 Jin. X IJin. x 2 in. The flat type relay has 
been produced, not to provide any special facilities, but 
merely as a relay which would be economical in mounting 
space and in price, and yet have a performance suitable for 
modern telephone requirements. A representative example 
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is that manufactured by Standard Telephones & Cables, 
Ltd., and shown in Fig. 30 ; it is in, X | in. X If in. 

It will be seen that the core is flat instead of round in 
cross-section, the armature consists of a U-shaped piece 
of metal hinged to the heel piece by means of a pair of 
flat springs. The great ad- 
vantage of this method of 
construction is that each of 
the parts comprising the 
magnetic circuit is a simple 
pressing, thus reducing 
manufacturing costs in mass 
production, but it should 
be noted that a flat core is 
not so economical as a round 
section as regards the length 
of wire per turn of the wind- 
ing. The armature travel is 
small, but the maximum 
sensitivity of the relay as a 
whole is limited by the small 
winding space available. 

A.C. Relays. 

The ordinary fast tele- 
phone relay will not remain 
rigidly operated when alter- 
nating current is passed 
through it, but will merely 
chatter in synchronism with 
the changes of current. It 
is frequently necessary, how- 31. A.C. Kelat 

ever, to have a relay which 

will operate when A.C. is passed through its coil at a 
frequency of 16 cycles per second (i.e. ringing current). 
A special relay for this purpose is that shown in Fig. 31. 
It is a gravity type relay with its coil mounted vertically ; 
it has a single make contact actuated by an armature in 
the form of an inverted U, which is pivoted at the lower 
ends of the limbs. It will be seen that the upper portion of 
the armature moves at right angles to the axis of the core 
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instead of along the axis, and by this means a long travel 
(nearly J in.) can be obtained without an excessive air 
gap. Also, the mechanical inertia is so great that the 
armature cannot respond to the alternations of current 
and flux, with the result that a steady movement is assured 
This inertia effect is quite different from that of slugs and 
sleeves, because, between the waves of current, inertia tends 
to keep the armature moving towards the pole face, whereas 
a slug merely delays the falling back. It should be noted 
also that, whereas the ringing trip relay (described pre- 
viously) operates on D.C. but not on A.C., this A.C. relay 
will operate on D.C. or A C. equally well. The time lags 
depend on circuit conditions and adjustment, but typical 
figures are 50 mS. for operation and 200 mS. for release. 

The recent introduction of metal rectifiers has enabled 
standard A.T.M. type relays to be used for operation on 
alternating current, a small metal rectifier being mounted 
on the relay in the position normally occupied by one of 
the spring piles, and connected in parallel with the relay 
coil. This provides a shunt path for one half of the A C. 
wave and, at the same time, the shunt makes the relay 
slow releasing during the period when the current is being 
diverted. Such a relay is much faster on normal operation 
and release than the type described previously. 

Voice-frequency Relays. 

Signalling with alternating currents at voice frequencies, 
i.e, 200 to 2,000 cycles per second, has recently been intro- 
duced into automatic telephony, and the specially tuned 
relays made by Standard Telephones & Cables, Ltd., for 
this purpose are of unusual design. The fundamental 
principle is the use of an extremely light and sensitive 
balanced armature coupled to a steel reed having a known 
frequency ; the armature responds only to the correct fre- 
quency, and tuning facilities are provided. The field pro- 
duced by the operating coils is augmented by a horse-shoe 
permanent magnet, as in a telephone receiver. 

The ‘'contact’’ of the relay is quite different from the 
normal type. A small ring of P.G.S. wdre is fitted to the 
end of the reed, and a similar ring is mounted on the body 
of the relay ; suspended between them is a small cylindrical 
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weight with hooks at each end, so that the contact assembly 
resembles a short length of chain with loosely fitting links. 
When the armature and reed vibrate in response to the 
correct frequency, this ‘'chain’’ is disturbed, and an inter- 
mittent connection is produced in place of the steady con- 
tact. It IS possible to use this chattering for controlling 
auxiliary relays direct, but an alternative arrangement is 
to treat the chattering as alternating current, and to 
operate an A.C. relay through a condenser. 

Selector Magnets. 

Although the electro-magnets used for stepping auto- 
matic telephone switches are designed primarily for the 
conversion of electrical energy into mechanical energy, the 
resultant motions are used for connecting the selector wipers 
to the bank contacts, and it has become necessary in a large 
number of cases to make the armature actuate electrical 
contacts in addition; thus they come into the category of 
relays. Moreover, their time lags are quite as important 
as those of other telephone relays Fig 32 shows the con- 
struction of the three magnets used on two motion switches, 
called “selectors.” 

The vertical magnet (Filf), which lifts the shaft to 
various levels, andthe rotary magnet {BM), which rotates 
the shaft to various contacts, each have two 23 ohm coils 
in series, bridged at one end by a short iron strip or “yoke” 
and at the other end by the hinged armature The actual 
hinge, however, takes no part in the magnetic circuit, as 
the flux passes through one coil and back through the other 

The release magnet, which swings the double dog (DD) 
out of engagement with the ratchets VR and RR, is an 
83 ohm single coil magnet (100 ohms, shunted internally 
with a 500 ohm non-inductive spark quench resistance), 
with a separate yoke forming a return path for the flux to 
the armature. The armature hinge in this case is important 
magnetically, just as it is in ordinary telephone relays, and 
the rocker principle is used. There are tw^o short lugs 
formed at the front end of the yoke to engage with holes 
in the armature, and these lugs prevent displacement of 
the assembly, besides improving the magnetic circuit as 
regards air gaps at the hinge. 

6 — {5664) 
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The armature restoring springs and contact springs have 
been omitted from the illustration, but in practice the con- 
tacts are actuated by projections of the armature and are 
of the ordinary relay spring type, although usually some- 
what stiffer to withstand vibration. Selector magnets are 
much more powerful than ordinary telephone relays, and, 



Fia. 32 . Selectob Magnets 


in order to obtain quick release, there is a special steel 
restoring spring, which exerts a force of about 1,000 
grammes. 

On group selectors the contacts on the rotary magnet 
are used to disconnect the magnet coil when operated, 
either directly or indirectly by means of an interacting 
relay. This produces a “trembler bell” action, causing the 
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wipers to “hunt’’ over the contacts; the standard speed of 
“stepping” in this way is 33 steps per second, whereas the 
normal speed of stepping by outside impulses is 10 steps 
per second. In any case it will be seen that fast oper- 
ation and release are important. 

The contact springs, -W, are of the relay type and are 
operated mechanically by the raising of the shaft by the 
vertical magnet. They are restored by the lowering of the 



shaft by means of the release magnet They are termed 
“off-normal” springs, but the phrase implies the more 
exact title of “vertical off-normal” to distinguish them 
from “rotary off -normal” springs, NR, which are fitted 
in special cases. These latter springs remain unoperated 
during the vertical motion, but operate when the rotary 
magnet moves the shaft horizontally from the normal 
position. Thus the complete selector mechanism may be 
looked upon as one complex relay whose contacts are the 
off -normal contacts. Their time lags will be found in 
Appendix I, together with those of typical relays and 
magnets. 
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Another kind of selector contact is called the ‘‘Normal 
Post^"' assembly (abbr. NP), which is actuated when the 
shaft reaches certain levels, usually the first or second ; in 
most cases the springs are restored when the particular 

level has been passed. In special 
cases other contact springs may be 
I associated with the double dog. 

A further type of selector magnet 
is that used in uniselectors,* or 
rotary line switches,” and the con- 
f| struction of the G.JP.O. standard 
uniselector is shown in Fig. 33. The 
armature is pivoted on a knife 
edge, and the contact springs (not 
shown) are used for breaking the 
circuit of the coil in order to cause 
huntmg of the wipers over the 
bank contacts in the same way as 
in the case of the selector rotary 
magnet. This principle of operation 
IS known as “ self -interrupted 
drive,” or, briefly, “self-drive,” and 
the normal hunting speed of uni- 
selector magnets is 60 steps per 
second. 

The representation of selector 
magnet contacts in G P.O. schema- 
tic diagrams is slightly different 
from that of ordinary relay con- 
tacts, and this is shown in Fig. 9. 

Dashpot Relays. 

These are slow operating “plun- 
Fia. 34 . Dashpot Relay ger” or “solenoid” relays, a type 

which is not used in telephony ex- 
cept where a very long operating time is required, e g. as a 
delayed alarm relay. The long stroke of the solenoid relay 
lends itself easily to the provision of an oil dashpot for the 
control of operating time, and the type made by the A.T.M. 
Co. is shown in Fig. 34. Its construction is simple, because 
B.E.S.A. term. See Appendix II. 
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it has gravity control, and the plunger, which is drawn into 
the coil, is in line wdth the dashpot piston, loosely fitting 
universal joints being provided. Damping oil of various 
grades may be used in the dashpot itself to give the required 
time lag, but an additional adjustment is provided by a 
variable screw valve on the piston. The dashpot is not 
filled with oil completely, so that the final movement of 
the piston shall be speeded up, and the contacts shall be 
operated quickly and reliably. Quick release is obtained 



by a one-way ball valve in the piston. The contacts are 
of the normal relay type and are operated when the collar 
on the piston rod rises sufiS.ciently to actuate the bell-crank 
lever, a time lag of 3 minutes being a typical adjustment. 

Ratchet Relays. 

An alternative type of relay with very long operating 
lag is the Ratchet” or ''Time Check” relay, shown in 
diagrammatic form in Fig 35. Its operating time is con- 
trolled by earth pulses supplied by a clock, and it therefore 
gives more stable timing than the dashpot. It consists 
of two coils side by side, one of which, the " operating coil,” 
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is operated every J minute by the clock. The armature 
associated with this coil is connected to a ratchet, which 
engages with the upper teeth of a ratchet wheel. Under 
normal conditions, however, this wheel is never stepped 
beyond the first tooth” position because it falls back after 
each operation, being unbalanced. If, however, the holding 
coil is energized by the operation of some distant alarm 
circuit, a holding ratchet is allowed to engage with the 
teeth on the lower edge of the wheel. Thus at each sub- 
sequent movement of the operating coil the^ratchet wheel 
is no longer permitted to drop back to the normal position, 
and it is rotated tooth by tooth until, when the sixth earth 
pulse arrives, i.e. after 3 minutes, a stud on the wheel 
engages with a pair of contact springs, which connect up 
an alarm lamp or other supervisory circuit. When the 
earth from the alarm circuit is removed, whether before 
or after the 3 minutes has elapsed, the holding ratchet is 
disengaged and the ratchet wheel promptly restores to 
normal, thus fulfilling the requirements of quick release 

Telegraph Relays. 

The relays normally used for telegraph purposes are 
sometimes employed in special testing apparatus in auto- 
matic telephony because they have been designed specially 
for fast operation regardless of bulk. The relay most often 
used for this purpose is the G.P.O. ‘'Standard B” relay, 
which is a double-pole polarized relay with one break-make 
assembly The construction is unique in having two arma- 
tures on the same spindle, one at each end of the coil, as 
shown in Fig. 36. Each armature is in the form of a short 
flag which can move over to the pole piece of one or other coil 
The upper armature is always a magnetic N. pole and the 
lower armature a S. pole, owing to the proximity of the poles 
of a permanent horse-shoe magnet, this magnet being bent 
into a curious shape for convenience in mounting. Thus the 
direction of movement of the armatures is dependent on 
the polarity of the electro-magnets. Two windings of equal 
resistance are usually provided, each having half of its 
turns in one coil and half in the other. 

The make and break contacts are mounted rigidly to the 
top plate of the relay case, and the moving contact is 
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fastened directly to a brass tongue on the armature spindle. 
When in the resting position a restoring force or ‘‘bias^’ 
in either direction may be provided at any strength by 
moving the armature nearer to one coil than the other, and 
an adjusting screw (not shown) is provided for this purpose. 
In this way the relay can be made extremely sensitive. 



Fig. 36 Telegraph Relay (Polarized) 
Explanatory bketch. 


and, as the rigid contacts allow a very small travel to be 
used, the operating time can be reduced to 1 millisecond 
with ease As a rule, the contacts are not designed to carry 
heavy currents or withstand high voltages. 

The Standard B” relay is enclosed in a brass case for 
bench mounting, a hinged glass cover being provided for 
inspection of the contacts, and electrical connection to coils 
and contacts is obtained by screw terminals on the wood 
base plate. 



80 


BELAYS IK AUTOMATIC TELEPHONY 


Motor Start Belays, 

Relays for starting and stopping fractional horse-power 
motors at voltages up to 250 require a special construction 
in view of the possibility of arcing at the contacts. 

An example of a motor start relay of the solenoid type, 
as manufactured by Messrs. Power Equipment Co , Ltd , is 



Fig. 37 . Motob Start Kelay (Soleitoed) 

shown in Pig. 37, the overall dimension's, excluding ter- 
minal screws at the back, being 3| in. X in. X 3|in. 
The plates seen at the back and at the front are of ebonite 
and are for mounting only Between them are two coils 
side by side, the ends of the cores being bridged at the 
back by a short fixed yoke and at the front by the arma- 
ture, The armature is mounted on a hinged strip, which 
also carries the moving contacts , the contact assembly is 
of the single pole double-break type, as on an ordinary 
tumbler switch, having two fixed electrodes and a movable 
bridge which coimects them. In addition to the mam 
bridge, consisting of a laminated phosphor-bronze spring 
engaging with brass contacts, there is also provided an 
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{Ibenthal tfc Co Ltd ) 
{b) Foi push-button control 
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non-oxydizing gas, thus avoiding failure of the contacts. 
The example at (a) has a magnetic circuit of the ordinary 
telephone type, with one make contact capable of carrying 
2 amperes, but larger mercury tubes may be obtained for 
carrying currents up to 10 amperes. Other tubes have 
three contact points, thus giving a break-make action. The 
relay shown at (6) has three tubes with single make con- 
tacts, but is also unique in being suitable for push-button 
control. Two separate opposing coils are used with a com- 
mon armature, which can be attracted to either by a pulse 
of current in one coil. Whichever way the armature is tilted, 
it remains in that position until moved by a pulse of current 
in the opposite coil, thus effecting an economy in power 
consumption. 

Moving Coil Relays, 

Such relays are really adaptations of moving coil milli- 
ammeters, contacts being placed at either side of the pointer 
and the scale removed. A relay of this type is made by 
the Weston Electrical Instrument Co., Ltd. The posi- 
tion of the make and break contacts may be adjusted so 
that the travel of the pointer (i.e. moving contact) is from 
yV "fco 5 millimeters. Great sensitivity is thus obtained, and 
wdth a 500 ohm coil and a contact travel of 1 mm. the relay 
will operate on 0-02 mA. With such sensitivity, no attempt 
IS made to carry large currents at the contacts and a maxi- 
mum of 200 mA. at 6 volts is specified. The question of 
critical damping must be considered in the same way as 
with milliammeters if a firm contact is to be assured. 

Thermostat Relays, 

These relays, as their name implies, are not electro- 
magnetic but depend on heating characteristics They are 
manufactured by the Relay Automatic Telephone Co , Ltd., 
and are used in their private branch exchange equipment 
as delayed alarm relays It will be seen from Fig 40 that 
a small coil of wire is wound on the moving spring of a 
break-make contact assembly suitable for mounting on 
standard R A.T Co.’s relays, the terminations being taken 
to the soldering tags included in the spring pile. It should 
be noted, however, that the illustration shows the relay in 



84 


BELAYS IN AUTOMATIC TELEPHONY 


the unoperated position, the direction of motion being 
downwards, the reverse of normal relay spring operation. 
The moving spring is bi-metallic, consisting of a strip of 
iron and a strip of brass welded together by a special 
process. Alternatively invar and brass has been used. The 
coefficient of linear expansion of iron is approximately 
11 X 10 ® per ° C. rise in temperature, and that of brass is 
approximately 19 X 10’® per ° C., so that if the brass strip 
is uppermost and the composite spring is heated by means 
of the coil of wire round it, the temperature being propor- 
tional to the resistance and the square of the current, the 



Fig. 40 THUUMOSTAr Belay 

different expansions will cause the spring to bend downwards, 
leaving the break spring and making contact with the make. 
Follow of the break contact is prevented by an insulated 
screw separating the make and break springs. 

In practice, all three springs are bi-metallic, with the 
result that any changes in the normal atmospheric tem- 
perature produce bending of the whole assembly and do 
not cause false operation. Thermostats can be made to 
operate in from 15 seconds to 2 minutes, subject to varia- 
tions due to battery voltage or residual heating from pre- 
vious operation. This range is achieved largely by adjust- 
ment of spring pressure and contact opening, since working 
temperature is limited by the fire risk. The figures given 
refer to the operating time measured at the make contact, 
but about 40 per cent of this lag is occupied in transit 
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time^’ between break and make The normal resistance of 
a thermostat for working on a 24 volt battery supply is 
100 ohms, this being the limit of resistance wMch can be 
wound satisfactorily on the standard size of spring. Releas- 
ing time is dependent on the duration of previous heating 
and is difficult to define, but is of the order of 1 minute. 
Owing to this slow release, the thermostat has a more 
limited application than the dashpot or the ratchet relays. 

The conventional method of representing thermostat 
relays on circuit diagrams is shown in the inset of Rig. 40. 



CHAPTER VI 

BELAY DESIGN 


Introduction. 

The manufacture of telephone relays is carried out on 
such a large scale, and with so few main types of magnetic 
circuit, that design has become a matter of routine rather 
than of elaborate fundamental calculation. The purpose 
of this chapter, however, is not to give a list of the data 
required for the design of any particular type of relay, but 
to show how this data may be collected and utilized in a 
convenient form, and how special circuit conditions must 
be considered. Moreover, it falls to the lot of the relay 
designer to decide what current adjustments shall be speci- 
fied, and, therefore, the method of compiling adjustment 
charts is also dealt with. 


Magnetic Circuit. 


The primary function of the magnetic circuit is the 
efficient conversion of magnetic force into fiux, and the 
relationship between the two is expressed by an equation 
which is similar to the well-known Ohm’s Law, “ = /jR,” 

for electrical circuits, viz. — 


where | 

but (£"= HI where \ 

and ^ — X where 

a fx, } 

HI ^ X I X - 
a [ji 

I • 

= — X — 
a fx 

H = jB X — where 


S — magnetic force 
<I> — flux 
S = reluctance 

H ^ magnetic field 
I = length of magnetic circuit 

a = cross-sectional area 
fx = permeability 


= flux density 
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Since fji, the permeability, varies with different values 
of B and with different magnetic materials, this relation- 
ship is usually shown graphically in the form of a BIH 
curve for each material. It is more convenient for relay 
work, however, to express the relationship between the 
flux density B and the ampere-turns applied to the winding 
of a given type of relay, the number of A.T. being equal 
to 0*8 El 

A flux/ampere-turns curve can be constructed from flrst 
principles if the relationship between ampere-turns and flux 

Hin^e Air-Gap\ i 


Platini^^ 



is considered for each portion of the magnetic circuit: — 
core, heel piece, yoke, and armature, together with the 
various air gaps, and not forgetting the virtual air gap 
introduced by the plated surfaces between core and heel 
piece (Fig. 41). In practice, the dimensions of the mag- 
netic circuit are, with the exception of the residual air gap, 
fixed for any given type of relay, and therefore a curve for 
each type can be constructed showing directly the relation- 
ship between ampere-turns and total flux. Fig. 42 shows 
a series of such curves for the A.T M. type, a number of 
curves being necessary because of the orte variable, the air 
gap between armature and core (stroke + residual + plated 
surfaces). In the construction of such curves the effect 
of “fringing out” of the flux at the air gaps should be 
considered. 
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Basic Ampere-turns. 

The main controlling factor in the design of the winding 
for a given relay is the downward pressure which will be 
exerted on the armature by the spring assembly. This 
force, known as the ‘‘load,’’ must be overcome by a certain 
flux, which in turn must be produced by a certain number 
of ampere-turns. Fortunately, almost every relay operates 
when the flux is still below saturation, and, therefore, for 
a given armature air-gap (normally about 20 mils) the num- 
ber of ampere-turns is directly proportional to the flux 
{Fig, 42). All that is necessary, therefore, is to express 



the direct relationship between the load exerted by the 
contact springs and the ampere-turns required to operate 
them, this number of A.T. being called the basic operating 
adjustment,” or ‘‘basic operate ampere-turns.” 

It is well known that the tractive force of an electro- 
magnet is — 

B-a 

Stt 

where a = area of contact between armature and pole 
face. 

When there is an armature air gap the formula is modi- 
fied considerably, but the force is still proportional to the 
square of the flux Thus the basic operating adjustment 
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can be expressed as follows. (These figures apply to the 
ATM relay.) 


Effective Spring 
Combination 

Basic Operating 

Adjust inent 

1 

X Operation— \ 

1 1 

1 

Makes 

1 lOOV'iAT. 

Breaks 

I ISO \/n A T. 

Full Opeiatioih — 

90 V"' T 

Moving springs 

( 0 ? ) Breaks 

120 y'i'A.T. 


n =-= mimbsr of springs of each type 


With regard to the second section in the above table, 
alternative figures are given, one for moving springs irre- 
spective of making or breaking functions and one for break 
contact springs only. Every moving spring must have a 
certain minimum tension, from considerations of rigidity of 
the complete assembly and absence of spring vibration, but 
those associated with break contacts must have a higher 
mimmum tension in order to provide a sufficient break 
contact pressure, and if the proportion of breaks in the 
assembly is below a certain value this new^ minimum 'will 
be greater than the previous one. 

Thus, for a mixed spring assembly of makes, breaks, 
and break-makes, both calculations will be made and the 
larger number of ampere-turns will be taken as the basic 
adjustment The ampere-turns calculated on the two 
schemes for the same contact assembly are never added 
together 

Example. 

Determine the basic operate ampere-turns for an A.T.M, 
relay with the following spring assembly (relay US in Fig. 
45)— 

Upper spring pile . . a; M * B * BM . M 

Lower spring pile . . B . BM . MbB 

7— ( 5664 ) 
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Solution. 

X operation — 

A.T. required for 1 x make cont<act 100 

Full operation — 

A T. required for the 7 moving = 90\/7 

-- 238 A.T. 

or A.T. required for the 5 break springs = 120\/ 5 

= 268 AT. 

The latter figure is adopted, being the greater. 

Answer. 

X operation . . 100 ampere-turns. 

Full operation . 270 ampere-turns. 

These A.T. figures represent an average adjustment, and 
in cases where a specially light or specially heavy spiring 
pressure is required, such as for the control of time lags, the 
basic values may be varied considerably. 

There may be other factors modifying the basic operating 
adjustment, predominance of MbB contacts, flux leakage 
in the case of slugged relays, non-standard gauging, class 3 
spring thickness instead of class 1, etc , etc. Each may 
have an effect of the order of 10 per cent, the exact figures 
being determined usually by experiment The effect of 
variation of spring thickness is considerable, since the ten- 
sion for a given deflection is proportional to the cube of 
the thickness, and therefore it will be observed that varia- 
tions in the sheets of metal used for the springs will have a 
very marked effect on adjustments. 

Siemens relays are calculated somewhat differently, tlie 
loads for each separate spring assembly, make, break, 
MbB, etc., being added together Reference is then made 
to a graph which shows the relationship between total load 
and operate ampere-turns required The results are of the 
same order of magnitude as for A.T.M. relays. 

Basic release ampere-turns are also used occasionally, 
although it is more usual to determine the release current 
with reference to the circuit requirements. In other cases, 
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the relay is required to I’elease only on disconnection of the 
coil circuit 


Coil Design. 

Having obtained the number of am]>ere-turns required, 
the next step in the design of a relay is the determination 
of the gauge of ^^dve to be used It is therefore necessary 
to know the relationship between the resistance of the 
winding (determining the current which will flow") and the 
number of turns. 

The resistance is directly proportional to the length of 
the wure in the winding and the specific resistance of the 



Fio 43 Bedding or Wires 


copper, and is inversely proportional to the cross-sectional 
area of the wdre This might be expressed as — 



where 


or 


Jfi = resistance of coil 
p = specific resistance 
L ~ length of wire 
a = area of w"ire 



where T = number of turns 

I — average length per turn 
d = diameter of wire. 


For the purpose of this calculation d is taken as the 
diameter of ''ware plus insulation/’ and the cross-sectional 
area occupied by the wire is assumed to be a square with 
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sides equal to d, since the layers are imagined to be lying 
evenly, as shown in Fig. 43 (a). In i)ractice, of course, the 
waste space in the middle of each sot of foin* wires is filled 
up to some extent by the wires bedding down as shown at 
(6), especially in the case of fine wires, but, as an approxi- 
mate relationship it may be taken that 



where A = cross-sectional area of wdn<ling 
so that — 



From this it is seen that the resistance of a fully wound 
coil should be proportional to the square of the turns, if all 
the remaining variables, specific resistance, average length 
of wire per turn, and cross-sectional area of the winding, 
i.e winding sjiace, are constant for a given relay. Some 
correction must be made, however, for the space occupied 
by the insulation of the wire, but this is a case for experi- 
mental determination. 

To facilitate design it is best to use a graph of wind- 
ing data, which shows not only the relationshqi between 
resistance and turns, but also the wire gauge (bare) and 
overall diameter of the coil An abridged re])roduction 
of a graph for A.T M relays is shown in Fig 44. Both 
resistance and turns are expressed as ‘‘jier 1 inch winding 
space length in order to cater for slugged relays in winch 
part of the normal winding sjiace length is occupied by the 
slug. The dotted curves showing overall diameter are neces- 
sary when dealing with two windings on the same core. 
The use of this winding data is best illustrated by examples 
of relay calculations 

Example (A)- 

A coil is required for a fast relay witli a siiring set 
demanding a basic operating adjustment of 270 AT., 
a factor of safety of about 2-5 is desired when the relay is 




10 20 30 40 50 6O70B0SOI00 150 200 250 300 350 WO 500 600 700 800 500 WOO 

RFSfSTANCF, PER 1 INCH W/ND/NG SPACE LENGTH 
Fi(i 41. Winding Data for A.T.M. Relays 
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operated by a 50 volt battery, and the resistance of the 
coil should be as high as possible. Determine the following — 

(а) Size of wire. 

(б) Resistance of wire. 

(c) Number of turns. 

(rf) Current received at 50 volts. 

(e) Basic operate current. 

(/) Actual factor of safety. 

Make an estimate of the resistance, say 1,()()0 ohms, and 
determine by a rough calculation whether this would pro- 
duce a suitable i*elay — 

50 V. 

(Jurrent received at 50 volts — = ^1*05 amp. 

Total number of ampere-turns 

required == 270 A.T. X 2-6 (F S ) 

== 700 A.T. (approx.) 

700 A.T. 

Totalnumber of turns requirod= .q 5 ^ ' =14,000 turns 

(Winding space length is given as 2*7 in ) 

Turns per inch winding _ 14000 T 
sj)aoe length 2.7 in 

— 5,000 Tjux (approx ) 

Resistance jier inch winding _ lOOOil 
space length 2-7 in 

=== 400n/in. (approx ). 

The graph of winding data at 400O/in. and 5,000T/in 
shows tliat such a relay would not be fully wound, the 
overall diameter of the coil being 0*72 in. instead of the 
full diameter of 0*98 in. Tt follows, therefore, that a coil 
resistance greater than 400Q/in. can be tolerated, and it is 
noted that the nearest fully-wound relay with a liigher 
resistance is that wound with 0-0048 in. wire, corresponding 
to about 550n/in. (i.e. total resistance approximately 1,500 
ohms). 

Re-calculate, therefore, for a 1,500 ohm coil — 

Resistance per inch winding i5()0i]l 

space length 2-7 m. 

555i2/in. (exact) 
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On the graph, 5ooQ/in. and 0 0048 in. wire correspond to 
7,400 turns per inch. 


Total number of turns 

Current received at 50 volts 
Ampere-turns jirovided 


= 7,400 T/in X 2*7 in. 
20,000 T 
50 V 

= 0-0333 A X 20,000 T 
= 666 A.T. 


Basic ampere-turns required = 
Actual factor of safety' = 
(This IS sufficiently near to the 2-5 
Basic operate current = 


= 2-47 


270 A T. 
666 
270 
s]iecified.) 
270 A.T 


20000 T 


== 13-5 


mA. 


Answer. 

Size of wire 
Resistance 
Number of turns 
Current received 
Basic operate current 
Factor of safety 


== 0*0048 in diam (bare) 
~ 1,500 ohms 
20,000 
33*3 niA 
= 13 5 mA 
2*47 


Example (B). 

If the above coil were dividedhiito two separate windings, 
and the inner winding were to have a resistance of 200 ohms, 
what would be the basic x operate current for this winding ^ 
(The basic operating adjustment for 1 x make is 100 A T.) 
Neglect the thickness of insulation bet\veen the fcw^o 
windings 

For the imier winding — 

Resistance per inch winding 200Q 

space length 2-7 in. 

= 74n/in. 

From the graph of winding data it is seen that 74Q/in. 
and 0-0048 in. wire corresponds to 1,400 turns per inch. 
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Total number of turns in 
the 200 ohm winding 

/. Ba^sic X operate current 
Answer 

Basic X operate current, 

Example (C). 

If, in Example (B), the 200 ohm winding for x operation 
were the outer winding imstead of the inner, what would 
be the basic x operate current then 

The graph refers only to inner windings, i e those wound 
directly on the core, so it is not possible to determine the 
number of turns in the outer winding until the number in 
the inner winding is known. 

For the inner winding — 

Total resistance — 1500 - 200 -= ISOOjQ 

Resistance per inch winding __ 1300Q 
space length ““ 2*T^iti~ 

= 4-cS2Q/in 

From the winding data it is seen that 4820/in and 
0*0048 m wire corresponds to 6,700 turns i)ev inch 

/. Total number of turns in 
the 1,300 ohm winding 

But total number of turns in 
the complete coil 

/. Number of turns in the 200 
ohm outer winding 

/. Basic X operate current 
Answer 

Basic X operate current 

For certain circuit conditions, an ‘'exact turn” winding 
may be specified, in which case the resistance is kept within 


= G,700 T/in x 2*7 in 
= 18,100 

= 20,000 

= 1,900 
100 AT, 

1900 T~ 

~ 53 mA 

- 53 mA. 


= 1,400 T/in. X 2*7 in 
3,800 
100 A T 


3800 T 
2() mA 


= 26 mA 
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the specified limits (± 5 per cent) by the use of nickel silver 
resistance wire where necessary. 


Adjustment Charts. 

In a previous paragra]ph it was shown how to obtain 
the basic operate ampere-turns for a given relay, but even 



Fig 45. Adjustment Chabt of Typical A T M Relays 


when this is converted into a “basic operate current” by 
dividing by the number of turns in the winding, it does not 
represent a complete “adjustment,” such as will be required 
for maintenance. The adjustment chart is, therefore, an 
important part of the relay design A typical adjustment 
chart for an imaginary relay set consisting of four relays 
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is shown in Fig. 45. The relay code letters shown in one 
corner of each section are the letters by which the relays are 
identified in the circuits. Where relays are mounted in pairs 
(Fig. 8), they are arranged on the chart in the order in which 
they are mounted on the relay plate Where relays are not 
mounted in pairs, they are arranged alphabetically on the 
chart in accordance with their code letters. 

The method of showing the adjustment of the spring 
assembly has been dealt with in (Jhapter III. Similarly, 
the entries for ‘‘travel’’ and '‘resulual” require no further 
remarks except that the unit used is “mils.” 

The vaj-ious current and time tests aiu carried out in the 
following order — 

Saturate current. 

Hold current (if specified). 

Release current. 

Non-operate current (if sj)ecifiecl). 

Operate current 

Some of the adjustments are specified only in oases where 
special circuit conditions demand them Any other special 
adjustments are entered in the “Remarks” s]iace. The 
letters a-c, b-d, etc., at the heads of tlie current columns 
denote the tags of the coils to which the adjustments refer 
If an X IS inserted also at the head of the column, the 
adjustments which follow refer to x operation only. The 
resistances of the coils a-c or b~d are expressed in ohms, 
currents in milliamperes (mA.), and time lags in milli- 
seconds (mS.). 

Saturate Current, 

This is not an “adjustment” in its real sense, but is 
merely a minimum current which is to be applied to the 
relay coil before tlie remaining current tests arc applied 
The saturate current is intended to satuT*ate the core mag- 
netically, but where this condition is not I'cachod during 
normal functioning, the “satui^ato current” specified is 
really the normal working current. Provided that the wind- 
ing would not be damaged by connection to the full P.D. 
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of the battery, i.e. is ‘‘self -protecting,” this voltage is 
applied and the saturate current is specified as “fiiTl. 

If the saturate current test were not used, there would 
be no guarantee that relays were in ther same condition as 
regards residual magnetism when the subsequent tests were 
made, and although this scheme of tests is not so severe 
from the point of view of minimum operate current as the 
scheme of demagnetizing before each current test, it is 
much more easily carried out under maintenance condi- 
tions. It is most important to remember that the adjust- 
ment chart is designed to give figures which will enable all 
relays of the same type to have a uniform adjustment, and 
that these figures do not necessarily indicate the limiting 
circuit conditions. Moreover, the effects of saturation will 
last for a considerable time, certainly for the duration of 
the adjustment of the relay', -whereas demagnetization must 
be repeated before each test 

The difference betw^een operate currents measured after 
saturation and after demagnetization is of the order of 5 
per cent. 

Hold Current. 

This is the minimum current which will retain the arma- 
ture in its operated position when the current is reduced 
in one step from the saturate value. An alternative method 
of testing a hold current is to reduce the current gradually 
from “saturate” to “hold,” and this gives a slightly differ- 
ent adjustment. The reduction of current in one step is 
easier to carry out during routine tests Another alterna- 
tive is to specify the reduction of current from the operate 
value instead of from the saturate value, and this gives a 
hold current which is 10—20 per cent lower For reasons 
already stated, however, it is desirable to use the saturate 
current as a basis for all tests. 

Release Current. 

This may be described as a non-hold current, since hold 
and release currents may be considered together to form 
a working tolerance, in -the same way as operate and non- 
operate currents The release current is defined gejiorally 
as the maximum current w-hicli will permit all contacts to 



100 RELAYS IS AYTOMATJC TELEPHONY" 

restore to normal when the current is reduced in one step 
from the hold value (or, if no hold current is specified, 
from the saturate value). When it is necessary only that 
the relay shall release on disconnection, the hold current 
is omitted and the abbreviation "'dis.'' is entered in the 
release current space on the chart to indicate that the circuit 
should be disconnected. 

Non-operate Current. 

In its fundamental sense, this is the maximum current 
which, when applied to a relay after previous saturation 
and release, will not open any break contact or close any 
make contact. This is the defimtion from the point of view 
of circuit oi>eration, but, as has been explained previously 
(page 45), one or two of the first break contacts in a large 
spring pile of the A.TM. type may be allowed to break 
during the non-operate test, in order to check the break 
contact pi'essiire Where one adjustment is given for x 
operation, and a separate current is given for full operation 
of the complete spring pile, the x contacts are always per- 
mitted to function on the non-operate current for the full 
spring pile. 

Operate Current. 

This is the final current test and is usually the most 
important from the circuit point of view. It is defined 
generally as the minimum current which, when applied to 
a relay after saturation, will open every break contact and 
close ever^^ make contact to which it refers. The contact 
travel must be completed within a reasonable time for the 
type of relay referred to, and the armature (or its residual 
screw) must touch the core, unless otherwise specified, e g. 
X operation only. In some cases this latter requirement is 
waived, and the test is then referred to as a ''touch- 
operate*’ current, since the make contacts need only 
‘'touch.’’ 

Test and Readjust Values. 

The values of operate and non-operate current represent 
a tolerance on the basic operate current Two tolerances 
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are usually specified, giving rise to ‘'tesf values and 
‘'readjust’’ values on the adjustment chart. 

The test currents represent the safe limits, or tolerances, 
of adjustment both on operation and release, Tvfithin which 
reliable functioning of the relay is guaranteed, and are used 
when checking adjustments. A rela}" is not readjusted 
unless its adjustment is outside the range of these values. 

The readjust currents should provide the most accurate 
adjustment that can be obtained under practical conditions, 
and relays are readjusted to these values when found faulty. 
For most A.T. M relays the test operate and non-operate cur- 
rents are approximately ± 15 per cent on the basic operate 
current and the corresponding readjust currents are i 10 
per cent. When MbB contacts are employed it is not pos- 
sible to keep the tolerances as low as this, and the figures 
for "test” and ‘‘readjust” are increased to ± 20 per cent 
and ±15 per cent respectively. 

The hold and release currents may be obtained in a 
similar manner from a basic release adjustment, but as a 
rule the test and readjust values are usually decided by 
experiment for the particular cases, with due regard to the 
circuit requirements 

Test Points and Guide Resistance. 

Though not strictly part of a relay design, these entries 
on the adjustment chart may be considered at this point 
most conveniently. The "test points” are the tags, relay 
springs, etc., in a complete relay set or selector to which 
a milhammeter and resistance may be connected most 
easily for testing the current adjustment of the relay As a 
rule, it is more difficult to make connection to a coil tag at 
the back of a relay set which is mounted on a rack than it 
is to tap on a relay spring which is accessible from the 
front, even if that spring is on another relay. It does not 
matter if the circuit between the coil tag and the test 
point IS via other break contacts, so long as such contacts 
are not operated during the test, if make contacts are in 
series it is necessary to give instructions for the wedging 
of the associated relays in the operated position. Besides 
relay contacts, there are other convenient test points, such 
as test jack springs, magnet coils (which have exposed 
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teM'iiiiiials), selector wipors, ote Tu some cases the break con- 
tacts uu other relays must be separated by an msiilatiuo 
wedge in order to isolate the circuit of the lelay under test 
arui pre\'ent ])cirallel circuits : all such information is given 
in the remarks space. The test pomts for the milliammeter 
are given in the form '‘Earth which would mean that 

the meter should be earthed on one side, and the other side 
be comieeted to contact spring number 11 on relay O. It 
may be assumed, therefore, that contact G^ll is connected 
directly to one side of the relay winding under test and that 
the other side of the vending is connected to batteiy, thus 
completing the testing circuit. 

The "guide resistances’" are the values of resistance 
which, when inserted in series with the relay wnndings, via 
the specified test points, will give the required operate 
currents at the nominal P.D. of the battery (2 volts per 
cell). They are inserted on the adjustment chart solely to 
give the maintenance man some guide as to the value of 
resistance that he will require for his tests, and prevent 
his burning out the coil or making unnecessary tests. 

Operating Time. 

The operating "lag'' or time of a relay is that time 
which elapses betw’-een the application of the saturate cur- 
rent and the operation of all the contacts, unless some par- 
ticular contact, for example the x contact, is specified. The 
“max."' and "min.” times specified on the adjustment 
chart are '‘test values” and on readjustment the time lag 
to be aimed at is the mean. 

There are so many complicated factors afiecting the time 
lags of relays that the mathematical calculation of timing 
from first principles is outside the scope of this book 
Some theoretical treatments have been worked out,* but 
fortunately the standardization of relay types into a few 
main categories enables the relay designer to use either 
empirical formulae or experimental curves for the deter- 
mination of time lags with sufficient accuracy for ordinary 
needs. If these residts do not meet what is required, then 
trial and error is at present the only safe way of obtaining 

* See “The Principles of Relay Tuning ” (T. H. Turney, Ph.D., 
A.M.I.E.E.), I.EM, JuL, Yol. 66, NTo. 376 (April, 1928). 
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a relay with given time lags For purposes of routine ealcn- 
latioii it is usually assiiiiietl that the greater portion of this 
time interval is absorbed in the building up of the tlux 
to the operate value, after which the armature travels 
quickly and closes all the contacts ijractically simultane- 
ously. This IS not ahvays true, however, but the deter- 
mination of such armature movements is at present a 
matter of experiment in each individual ease. 

For a given tyi^e of relay with standard components, the 
operating lag is dependent upon a few- \'ariable character- 
istics of the relay and its circuit, tlie chief of w Inch are as 
follow s — 

(а) The magnetic circuit, i e the dimensions of slugs, etc 

(б) The operating ampere-turn adjustment 

(c) The excess, or ''margin,” of w^orking ampere-turns 
over the above ampere-turn adjustment. 

{(1) The air gax) between armature and core (taken as 
stroke + residual) 

(e) The electrical inductance of the wnndiiig, measured 


rpi 

in terms of 


{T = turns, R = resistance) 


The above scheme of variables is that used by Messrs 
Standard Telephones & Cables, Ltd , for their A.T M. ty^ie 
relay's, and for the purpose of rapid determination a series 
of experimental curves has been produced (Fig. 46), 
showing the relationship betw^een operating time and the 
excess of w orking A.T. over the operating A.T. adjustment. 
Each graph has a number of curves for different armature 
air gaps, and one of these grax>hs is produced for each tyxie of 
armature end slug or sleeve, and wutli various operating A.T. 
adjustments. For adjustments other than those for which 
graphs are drawui, the correct operating time is obtained 
by interpolation from adjacent graphs. A further correc- 
tion is made for variations of the impedance from an 
assumed average, but since operating lag is directly pro- 

portional to a simple calculation can be made, or a 

straight line graph can be prepared in order to save time. 

The operating lag obtained in this way refers to that 
measured at the last contact to operate, but in cases where 
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frequently 70 ijer cent of the normal. This is of great 
imiiortanee in eomiection with unguarded intervals in auto- 
matic telephone circuits. 

Consider the case of a uniselector* (rotary line switch) cir- 
cuit having access to common equipment in which the ‘"en- 
gaged” condition is indicated by the i3resence of earth on the 
‘"private ” or guarding wire, P, and the disengaged condition 
by the absence of that earth. A skeleton circuit of such an 
arrangement is shown in the upper i)ortion of Fig. 47, the 
guarding earth being apiDlied by some relay contact. Nor- 
mally, the uniselector magnet causes the switch to hunt 
rapidly from contact to contact, receiving current from earth 
on the engaged outlets,^na the wiper, contact K\ (break), and 
its own ** interrupter” contacts; the same earth short cir- 
cuits the K relay Wlien a disengaged outlet is reached, the 
earth potential is absent, the uniselector magnet camiot 
operate, and the K relay, being free from its short circuiting 
earth, now operates in series vdth the uniselector magnet 
(The current received by the magnet under this condition 
is ins;iifficient to operate it ) 

If there were a momentary disconnection or ‘'open 
period” in the guarding circuit of one of the outlets when 
the uniselector was searching, there would be a possibility of 
a double connection, i e a v^rong coimection of two circuits 
to the same outlet, provided that the open period was 
greater than the jnilse-operating time of the K relay. 
This is made more clear vuth the aid of a time graph shown 
below the circuit in Fig. 47. The j)assage of time is repre- 
sented by a scale m a vertical direction, and the events in 
each part of the circuit are indicated separately alongside 
the scale. In the example taken, at a time marked 20 mS. ” 
the guarding earth is discoimected ; at 40 mS. the K relay 
is comiected by the arrival of the uniselector wiper at an 
ai>parently disengaged outlet ; at 70 mS. the guarding earth 
is replaced and short circuits the K relay although it has 
not operated; and yet at 80 mS. the K relay completes its 
operation, disconnects the short circuit at K\ (break), and 
locks the K relay to the guarding earth at K1 (make). 
This subsequent operation of K is made possible by the 
fact that the pulse-operating time of K is reached before it 
* B.E.S.A. term, see Appendix IT. 
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Uniselector Circuit, 



Uniselector , 
Wiper 1 

* • I “ 
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J 


I Uniselector Magnet 
and Contacts. 
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Engaged Circuit. 



Guarding Contact^ 
disconnected . 


K Rel^y connected byth§\\ 
arrival of the 

Pulse Operating Time 
of K, 


Guarding Contact reaper' 
ates and ^Jc the K Relay. 


Ki Contact operates, d/S'- 
connects the ^/c and 
locks the K Relau 



Fic 47 Time Gkaph op Dottble Connection 
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is short circuited by the guarding contact In the time 
graph the pulse-operating time is shown almost coinciding 
with the end of the open period, and this is a limiting con- 
dition, i.e. a condition in which the K relay is connected 
at the latest possible moment for a double connection to 
occur. The other limiting condition is that in which the 
K relay is connected at the earliest possible moment, 
i e. by the removal of the guarding earth, so that the 
difference in time between these two conditions is the true 
"'unguarded intervar^ of the system; it is the interval of 
time during which one circuit may be connected falsely to 
another as a result of an “open period” in the guarding 
condition. 

Care should be taken to avoid confusion between the 
""open period,” which refers to the condition of a circuit, 
and the "'unguarded interval,” which refers to a complete 
circuit operation. 

Releasing Time. 

The releasing "Tag” or time of a relay is normally that 
time which elapses between the disconnection of the coil cir- 
cuit and the opening or closing of the last contact to restore 
to normal, usually the contact nearest to the armature lever. 
According to this general definition, if an x contact were 
fitted, the releasing lag should include the release of this 
contact also. In many cases, however, the most important 
releasing lag is that of the main spring assembly, and if 
that value is quoted a note concerning the method of test 
should be added 

Although a large number of spring assemblies on a relay 
tends to produce a longer armatui^e "'travel time ” on opera- 
tion, it produces a shorter travel time on release. Therefore 
although the gauging of the various contacts may be differ- 
ent, there is considerable justification for assuming that 
the greatest part of the releasing time is taken up in the 
reduction of the flux to a value at which the armature can 
no longer remain attracted to the core, after which the 
armature restores to normal immediate^. 

As with operating times, the calculation of the releasing 
time is best made from experimental curves Assuming 
that a relay is of a standard type of construction and that 
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the electrical and magnetic characteristics of the materials 
are also standardized, the releasing lag of a relay is depen- 
dent on the follo^ng variables — 

(а) The magnetic circuit, i.e the dimensions of slugs, etc. 

(б) The norinal v'orking ampere-turns 
(c) The release ampere-turn adjustment. 

The third variable, “the release ampere -turns,” covers 



all variations in spring assembly, load, gauging, residual 
gap, etc , because each of these is reflected in the value of 
the release current Hence the determination of releasing 
lag is simpler than that of operating. Messrs. Standard 
Telephones & Cables, Ltd., have a short series of graphs 
applicable to their relaj^s, one being produced for each type 
of magnetic circuit Each graph contains separate curves 
for various values of working or “saturation” ampere-turns, 
and the curves themselves show the relationship between 
release ampere-turns and releasing time (Fig. 48). Increase 
of the normal working ampere-turns beyond the saturation 
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value for the iron has little effect on the releasing lag, and 
since the majority of slow releasing relays are working 
above this limit, this variable may be neglected for approxi- 
mate calculations. 

The effect of short-circuited windings on releasing lag 
may be calculated as for operating lag, the increase in 

time being proportional to where T is the number of 

turns in the short-circuited winding and R is the internal 
resistance of that vending, together with any resistance in 
the "‘short circuit.*’ The same applies to single coil relays 
releasing on short-circuit Relays releasing in parallel or 
shunted by a resistance may also be dealt with in a similar 
manner. 

After considering the normal tolerances on the variables 
affecting releasing lag, the calculated maximum and mini- 
mum values of time are closer together than was the case 
with operating lags, a ratio of 1*5: 1 being typical. With 
slow releasing relays, however, it is very difficult to keep the 
time lag constant during the life of the relay, owing to the 
flattening of the residual screw and also to the penetration 
of the screw’ through the protective plating on the pole face 
Thus, when a relay is in use, there is a distinct tendency for 
the releasing lag to be increased beyond the calculated 
maximum, especially if the armature is so pivoted that it 
strikes the core at an angle. 

Special Conditions Affecting Relay Functions, 

Apart from the variables considered in the previous pai’a- 
graphs. there are certain other local conditions which affect 
time lags, and also current adjustments 

Vibration of the mounting rack on which the relays are 
fitted will reduce the release current, and, therefore the 
releasing lag, by making the armature fall away at a higher 
value of flux than usual. This vibration may either he 
regular, such as w’ould be produced by adjacent rotating 
machinery, or may be intermittent, as in the case of the 
operation of adjacent magnets. In any case, the effect 
cannot be determined except by experiment under working 
conditions. 
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Heating of a relay by the current passing through it has 
a complex effect, owing to the alterations in the character- 
istics of each of the materials used in the relay. The greatest 
effect is the increase in resistance both of the coil winding 
and of the slugs, if fitted. The operating lag is lengthened 
by the increase in coil resistance, but reduced by the 
increased slug resistance, because of the reduced eddy cur- 
rents: the releasing lag, however, is shortened hy both 
effects and is, therefore, affected considerably. Another 
change caused by heating is a reduction in the spring 
tension causing reduced operate current, reduced operat- 
ing lag, and increased releasing lag Permeability of the 
iron is also affected slightly, but the change is dependent 
on the particular material used. It is difficult to give exact 
figures for heating effects owing to variable conditions of 
atmosphere, mounting, duration of heating test, etc , but, 
as an example, an 800 ohm slow-releasing relay (a selector 
B relay), when subjected to a prolonged heating by the 
apiilication of 50 volts, has a temperature rise of io'^ C. 
measured at the outside of the coil, and a resistance increase 
of 10 per cent ; there is also an operate cmrent decrease 
of 7 per cent, an operating lag unchanged, and a releasing 
lag decrease of 10 per cent. In this typical case, the energy 
dissipated was 3 'watts, but with most relays 6 watts can 
be dissipated without damage to the insulation If a relay 
has such a resistance that it is not damaged by being con- 
nected directly" across the main 50 volt battery, it is said 
to be ''self -protecting ” 

Metal relay covers have some effect on time lags, since 
eddy currents can be induced in them ]ust as if they were 
slugs or sleeves The effect is of importance in the case of 
slow releasing relays, the lag being increased in some cases 
by about 10 per cent by the fitting of an ordinary selector 
cover. 

Magnetic interference between relays on the same mount- 
ing plate IS unavoidable, owing to the air gaps in the normal 
magnetic circuit of each relay. This interference may assist 
or oppose the normal flux, according to the relative polari- 
ties of the adjacent relays, and is of the order of 10 per cent 
with some types of relay 
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Loop Impulsing Circuit* 

The word '"impulsing'' refers to the regular making and 
breaking of the current in a circuit for the purpose of trans- 
mitting a number, in the form of a train of impulses, from 
one end of a line to the other. The elementary case is that 
of the dial, which is operated by a subscriber or operator, 
and which interrupts the current in the line to operate a 
selector magnet It is not convenient, however, to connect 
the magnet direct to the line, especially as the magnet 
must be energized at each break impulse ; the impulses are 
repeated from the line circuit to the magnet circuit by 
means of a specially designed ‘‘impulsing relay. ’’ (Relay A 
in Pig 49.) 

The illustration shows how a single break-make contact 
of A is used to operate either the vertical magnet, the 
rotary magnet, or the release magnet in a selector, merely 
by control of the impulses from the dial. The method of 
operation is, briefly, as follows* — 

Normally, when a call is being made, the dial contacts 
are closed, the A relay is operated, and the “guard relay” 
B is operated by A1 During the first train of impulses at 
normal impulse frequency and ratio, the B relay remains 
operated owing to its slow releasing properties, and there- 
fore, at each break of the dial springs the vertical magnet 

is stepped via Rl, A^2, and the low resistance “impulse 
control relay” C. This relay is also slow releasing and, once 
operated at the first impulse, it remains operated for the 
rest of the train of impulses. At the first operation of F, 
the shaft is lifted and the ofl-normal contacts N operate , 
contact A"2 provides an alternative path for the vertical 
magnet current via Cl (now operated). At the end of this 
first train of impulses, known as the “vertical train,” the 

* For a description of the full circuit operation, see Automatio 
Telephony Simplified CC. W. Brown). 
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dial contacts remain closed until the dial is re-operated for 
the next train and, during this pause, contact ^41 remains 
operated and C and F receive no current ; consequently, G 
releases after the lapse of its slow release period, and the 
Cl contact prepares a path for the next train of impulses 
(the rotary train) to operate the rotary magnet R instead 



-Vve Line, 


3 



Fig 49. Simple Loop Impulsing CiRf’uiT 


of F. This magnet steps the shaft in a rotary direction 
to a position in accordance with the impulses repeated at 
Al, and the shaft remains in this position so long as A 
and £ are operated, A selector mechanism is shovm in 
Tig. 32. 

To release the selector it is necessary to disconnect the 
A relay either permanently or at least for an impulse of 
greater duration than the releasing lag of the £ relay. 
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Thus, when A releases, B also releases, and the release 
magnet Z will be energized until the off -normal contacts 
N1 are opened, thus ensuring that the Z magnet is operated 
only for so long a time as is necessary for the complete 
release of the shaft to the normal position. 



G.RO. Standard Auto.-Tejephone Circuit 
showing Loop Impulsing Condition. 



Equivalent 

Operators Dial Circuit, 

Fig. 50, The Dial Condenser 


Dial Condenser. 

In Fig. 49 the dial is slio\ra connected direct to the line, 
an arrangement which at first sight appears to be the 
most satisfactory and which was adopted in earlier sub- 
scribers' telephone instruments.* 

The latest instruments have circuits as shown in Fig 50, 
and it is deliberately arranged that as soon as the chal 
is ^‘'ott-normah*'’ the condenser, together with the low 

* For furt}i«‘r iiiforination, “ Subscribers’ Apparatus in Auto- 
matic Areas” (H. C. S Peck) P.O,E,E. JnL, Vol. 20: October, 
1927. 
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resistance induction coil, is shunted across the line The 
reasons for this arrangement are as follows — 

(а) A condenser normally bridging the two -vores reduces 
the inductive voltage on the line during impulsing. This 
P.D. may be of the order of 700 volts w’hen a simple 
impulsing circuit is used, but it is reduced to 150-200 volts 
by the use of the dial condenser. Thus the condenser has 
a beneficial effect on the jiossibility of breakdovn of the 
insulation of the Ime, and it also acts as a spark quench 
for the dial contact when it breaks the current. 

(б) The condenser assists in stabilizing the lags of 
the impulsing relay under var; 5 .dng line conditions, par- 
ticularly with leaky lines. The particular capacity used, 
2 jLi¥.y gives the best all-round performance in this respect. 

(c) The retention of a condenser during impulsing per- 
mits the use of a subscriber’s telephone circuit which is 
free from bell tinkling during dialling. Xot only is the 
inductive voltage of the line reduced, but the bell is shunted 
by a comparatively low resistance, as can be seen from 
Pig 50. 

As with all spark quenches, a resistance in series with 
the condenser (not necessarily inductive) is required to 
prevent welding of the dial contacts when they short circuit 
the dial condenser, the potential of which may be about 
200 volts, as has been pointed out. In the subscriber’s 
telephone circuit the series resistance is conveniently pro- 
vided by the bell and induction coil, but in other cases, 
e.g. operator’s dialling circuits, impulse machines, etc , a 
separate non-inductive resistance of 40 or 100 ohms is 
used. The actual value of series resistance is not critical. 

Impulsing Requirements. 

From the previous description of the impulsing circuit 
it will be apparent that the normal break period of eacli 
impulse must be sufficiently long to operate the V or B 
magnet together with the C relay, but must not be so long 
that the B relay will release ; conversely, the make period 
must be long enough to rebuild the flux lost by the B relay 
during the preceding break, and to allow the magnet arma- 
ture to release between steps , but it must not be so long 
that the C relay will release xirematurely. (See x>. 127.) 
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There is a certain range of impulse times which will 
fulfil these requirements, and if the line conditions were 
constant there would be little difficulty in obtaining correct 
repetition by the impulsing relay A, merely by arranging 
equal releasmg and operating lags. A summary of the 
variations which must be catered for, however, is given 
below. All afiect the releasing and operating lags of the 
A relay to some extent, but some have a direct effect on 
the operation of the selector magnets and other relays. 
The precise effect of each will be considered later. 

Frequency Limits. The normal frequency of impulsing 
is 10 impulses per second, but selectors must operate on 
7 to 14 i.p.s. from dials, although the frequency of a cor- 
rectly adjusted dial should be 9-11 i p s. 

Ratio Llvuts. The ratio of the break period to the total 
impulse (make plus break) is expressed as a percentage 
break’’ or “break ratio,” and is nominally 66 6 per cent. 
A range of 63 per cent to 70 per cent is permitted. An alter- 
native expression is that the “ break-to-make ratio” is 2 : 1 

Voltage Limits. The range of voltage catered for in a 
telephone exchange is on the basis of 1*85 to 2*1 volts per 
cell of the exchange batterj\ Thus, in a 50 volt exchange 
(25 cells), the voltage range is 46 to 62 This is on the 
assumption that the cells are never “floated,” i e. charged 
whilst dehvering current to the exchange. 

Loop Levuts. The maximum loop resistance (i e. the 
total resistance of the two wares in series) of subscribers’ 
telephone lines in Great Britain has been fixed at 750 ohms 
for the impulsing condition. This figure includes any resis- 
tance in the subscriber's equipment, but excludes the im- 
pulsing relay and the exchange apparatus. Junction lines 
between exchanges may have a loop resistance up to 1,200 
ohms, excluding the resistance of apparatus at both ter- 
minal points. 

Leak Limits. The greatest leak resistance permissible 
is 50,000 ohms for subscribers’ lines or 100,000 ohms for 
junctions, irrespective of the length of the line, but usually 
tests are conducted with leaks of 20,000 ohms, since the 
effects of leak are so small as compared with those of loop 
'resistance. Leaks may be of three types, either line to line, 
negative line to earth, or positive line to earth. A leak 
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from line to line has the greatest effect, and is assumed 
unless otherwise specified. It is the most likely to occur 
in the case of towns 'where underground cable is largely 
used. 

Adjustment Limts. The range of adjustments of the 
apparatus (relays, magnets, etc ) cannot be specified in any 
simple form, since the number of possible variations is so 
great. Impulse distortion due to adjustments is usually 
catered for by providing a good margin of safety after 
studying the other working limits. The general efects of 
some of the simpler adjustment variations are given in the 
next chapter. 

Impulsing Relays. 

It is important that the impulsing relay shall have 
short releasing and operating lags in order that the vari- 
ations of time Avhich are bound to occur under the wide 
range of circuit conditions shall not have too great an 
effect on the impulses Unfortunately for many of the 
more complicated impulsing circuits, particularly in con- 
nection WTth impulse repetition, the reduction of time 
lags must not be carried too far, as, otherwise, the relay 
w'lll respond too easily to momentary condenser surges 
which occur at times when operation is not intended. The 
ordinary fast relay is taken as the basis of design, and the 
normal time lags are of the order of 8 to 12 mS. , the adjust- 
ment varies with different manufacturers These time lags, 
as also the operate currents, etc., are measured with the two 
windings in series 

The coil is designed to give balanced impedances in the 
two WTiidmgs, and to this end the windings are either 
sandwiched (Siemens, Fig. 4) or else twu separate coils are 
used with a centre check between them (A.T.M., Fig. 7). 
Another alternative, rarely used for impulsing, how'ever, 
is the winding of the twu circuits simultaneously, so that 
each turn of one corresponds to an exactly similar turn of 
the other. It should be noted that, although the twD coils 
may have equal impedances, they are not necessarily of 
equal efficiency from an electro-magnetic point of view, 
and, therefore, they may have different operate currents 
when energized separately. On a t}"pical A T.M. relay with 



118 


RELAYS IK AUTOMATIC TELEPHONY 


an operate current of 14-5 inA. for the two coils in series, 
the operate current figures. se]jarately, are 2(5*5 mA. for the 
heel end coil and 305 niA for the armature end coil The 
difference is somewhat less in the case of sandwiched wind- 
ings. Impedance characteristics are considered in greater 
detail on page 60, 

The contact springs of normal selector impulsing relays 
are three in number and form either a break-make or a 
make-before-break assembly. The time interval between 
make and break, i e. the ‘"change-over time’’ or a '"transit 
time’’ on operation or release, is wasted in a break-make 
combination, but is added to both break and make periods 
in the case of MbB contacts. Thus, if the change-over 
time on operation were 4 mS. and the total impulse took 
100 mS, a 67 per cent break impulse repeated without 
distortion would appear as 65 per cent break and 31 per 
cent make in the one case, and 69 per cent break and 
35 per cent make in the other 

A short travel of armature is necessary for fast operation, 
and for this reason the gauging adjustment of the A.T.M. 
standard impulsing relay mth break-make contacts is 
""break at 6 mils, make at 4 mils,*’ mth an armature travel 
of 10 mils. With MbB contacts, however, as used on 
(Siemens relays, the travel must be greater than this, a 
figure of 22 mils being typical. 

The subject of contact bounce has been considered in 
Cliapter II, but it may be stated as a general rule for 
impulsing relays, that the A.T.M type is more liable to 
give bounce on the break contact, and the Siemens type 
on the make contact. Contact bounce is rare, however, 
under long line conditions. (Compare the oscillograms in 
JFig. 55, «, 6, and d,) 

Residual magnetism is of great importance in a relay 
which has to impulse accurately at high speed, and its 
effects are therefore minimized by the introduction of air 
gaps. On some relays a brass washer is inserted between 
the core and the heel end of the yoke for this purpose. On 
the G E.C. impulsing relay (Siemens type) a special pin 
armature is used in place of the knife-edge type, 
merely to introduce the hinge air gap. On all types 
of impulsing relay a large residual screw adjustment is 
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specified, e g 9 mils, in order to retain a considerable gap 
between armature and core when the relay is opei'ated. 

On Siemens type relays an isthmus or perforated arma- 
ture is frequentlj^ used : common types are shown in Fig. 
51. They are ordinary- armatures which have been cut 
or drilled so that the flux must pass through a narrow 
neck or '"isthmus The elfect is to produce magnetic 
saturation at this point at a low value of current, so that 
the flux is approximately the same whether the relay is 
operated at high or low voltage, long or short lines, and, 
consequently, the releasing lag is to some extent shortened 
and also stabilized This eftect is 
more noticeable at normal im- 
pulse frequencies than on simple 
operating and releasing lag tests, 
there being a reduction of about 
4 per cent in the amount of dis- 
tortion produced when the loop 
resistance is increased from zero 
to 1,200 ohms The improvement 
IS less when a dial condenser is 
used, because the releasing lag is fixed to some extent by the 
condenser surge. 

Loop Variation. 

The effect of adding resistance in series with the im- 
pulsing relay is the reduction of the current and flux, and 
this affects both releasing and ox>erating lags 

Releasing Lag The reduction of the ultimate flux 
allows the relay to release more quickly when the break 
impulse commences, thus lengthening the break period 
Fig. 53 shows the variations in the normal releasing time oi 
a relay which has equal operating and releasing lags ot 0 
i.p s , 1 e when tested for normal time lags It will be 
seen that the reduction of releasing time is not uniform 
being small until the flux falls below the saturation value 
at about 400 ohms loop resistance, after which the effect 
is greater. 

Operating Lag. The reduction of the flux also involves 
a reduced speed of growth, and this causes an increase in 
the operating time which lengthens the break period still 
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further. Fig. 53 shows this also, and since saturation does 
not affect speed of growth, the increase in operating lag is 
uniform 

Leak Variation. 


The general effects of leaks from one wire to the other 
are opposite to those of loop resistance For this reason, 



Fig* 52 Effect of Time Lags on Ratio 


when making leak impulsing tests, the loop resistance is 
reduced to zero. 

Releasing Lag. The leak tends to keep the impulsing 
relay operated and therefore delays the release of the im- 
pulsing relay, as can be seen from Fig. 53. A reciprocal 
scale of leak resistance is used on this graph in order to 
show leakanee instead of resistance. The real resistance 
figures are inserted, however, for convenience in reference. 

Operating Lag. The permanent current produced by 
the leak also assists the impulsing relay in its operation, 
but the effect on operating lag is much less than on releasing 
lag. 

Efiect of Pregueney on Line Variations. 

The theoretical break ratio variations at 10 i.p.s. may be 
calculated from the normal operating and releasing lags 





IMPULSING 


121 


in the manner shown in Fig. 52. A useful rule to remember 
in this connection is as follows — 

Increase in operating lag gives increase in break ratio. 
Increase in releasing lag gives decrease in break ratio. 
Calculations on these lines give the curve of ratio shown 
by the broken line in Fig. 54, but when the makes and 
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impulsing commences is independent of the frequency". 
This difference lietween the first impulse and the remainder 
is not of very great importance, except in the case of com- 
plicated impulse repeating circuits, where condenser surges 
play an important part. 

If the frequency is increased from 10 to 14 i p s , the 
ratio distortion should be amplified because the normal 
distortion by the relay, as measured in milliseconds, is now 
expressed as a propoi-tion of a total impulse of 70 mS in- 
stead of 100 mS. The fact that the 10 and 14 i.p.s. curves 
do not cross at the point of zero distortion, however, con- 
firms that the ratio is being modified independently by 
the saturation effect at higher frequencies. 

Effect of Dial Condenser on Line Variations. 

These effects are best studied with the aid of oscillograms,* 
some examples being shown in Pig 55. Oscillograms (A) and 
(B), taken with a simple impulsing circuit (without con- 
denser), show how the rising current in the coil of the 
impulsing relay is cut off sharply at the end of each make 
period, the current remaining steadily at zero until the 
next make period commences. Oscillogram (C), however, 
was taken under exactly the same conditions, except that 
a 2 //P. condenser and 40 ohm resistance was shunted across 
the dial , the I’esult is that there is an oscillation of current 
during the whole of the break period. 

During the make period of the dial the condenser is 
short circuited, but when the impulsing contacts break the 
condenser commences to charge up, and, in doing so, draws 
current from the impulsing relay in the operating direction. 
This current cannot persist indefinitely, however, but falls 
gradually as the potential of the condenser increases. More- 
over, an oscillatory circuit is involved, consisting of the in- 
ductance of the impulsing relay together with the capacity 
of the condenser, so the curve of current takes up a definite 
wave form, as shown in oscillogram (C). These waves are 
(lamped out rather rapidly, and only one negative wave 
is noticeable, yet it is this negative wave (occurring about 
15 mS. after the break) which exercises control over the 

* Eor a description of the preparation of oscillograms, sec p. 144. 
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(D Current In A relai/ coif 
® A ! make contact 
® A I break contact 



® Zero line, without condenser(AJ.H) 



© Zero line, without condenser (Siemens) 


<D 

(D 



© Zero line, with Z/aS condenser 



© 1200 ohm line, with Subs.Tele. 


Fig 55. iMPtn-snirG Wave Fokms 




124 


BELAYS IN AUTOMATIC TELEPHONY 


timing of the impulsing relay. It causes the releasing lag 
to be fixed at about 11 mS., representing, in the relay under 
consideration, an increase of 3mS. at zero line. The dial 
condenser has no appreciable effect on operating lag 

The effect of leak resistance on releasing lag is con- 
siderably reduced by the condenser because the addition of 
leak resistance cannot alter the frequency of the condenser 
oscillation, and this oscillatory current, which stabilizes 
the lag, is much greater than the usual leak current. Under 
extreme loop resistance conditions, however, the con- 
denser surge is damped out and there is no such stabiliza- 
tion. In short, the effect of the dial condenser is to reduce 
the ratio distortion under all leak conditions and all loop 
conditions not exceeding about 800 ohms, after which 
the rate of increase of ratio with loop resistance is very 
rapid. (Fig. 54.) 

The fact that Fig. 54 shows some distortion at zero line 
is of little importance, because all of the graphs reproduced 
here are based on an impulsing relay which has been 
adjusted to have equal time lags under normal operating 
and releasing conditions In practice, an adjustment would 
be chosen such that no distortion would occur under the 
most common working conditions. This might be with or 
without a dial condenser, and either at zero loop or at 
some other more common loop resistance according to local 
conditions. In other words, it is “variation of distor- 
tion’’ and not “actual distortion” which is of greater 
importance. 

Effect o£ Dial Condenser on Frequency Variations. 

With the simple impulsing circuit considered previously, 
the effect of high impulse frequency within practical limits 
of loop and leak resistance has been shown to be an increase 
in the break ratio, owing to the reduction of the maximum 
flux and consequent decrease in releasing lag. When a dial 
condenser is used, the releasing lag is kept constant by the 
condenser, irrespective of maximum flux, so that the effect 
of increase in frequency is confined to such variations in 
distortion as are to be expected from the reduction of the 
total impulse period. Thus, the 10 and 14 i.p.s, curves 
(Fig. 54) cross at the point of zero distortion. The crossing 
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of the frequency curves does not mean that the frequency 
is wholly unimportant under these conditions, as in a later 
paragraph deaUng with the analysis of selector failures it 
will be seen that much less distortion can be tolerated at 
high frequencies, owing to the requirements of the vertical 
and rotary magnets. 

Target Diagrams^ 

The use of target diagrams constitutes a convenient 
method of analysing the performance of impulsing appa- 
ratus, particularly in the case of a selector mechanism, 
because it shows at a glance the margins existing for the 
safe operation of each component This scheme was devised 
by Messrs. Siemens Bros., and a typical target diagram of 
a group selector is shown in Pig. 56. 

Consider, first, the lay-out of the special graph paper. 
Vertically the scale is marked in milliseconds of break 
period, whilst horizontally the scale is in milliseconds of 
make period, the first few milliseconds being omitted in 
each case, because they are so seldom used. The scales, 
however, are not linear but logarithmic, for reasons that 
will be explained. later. Since the dimensions of the scales 
are the same, the ratio of break to make (or, alternatively, 
break percentage) will be expressed as a straight diagonal 
line, and a number of diagonals representing ratios from 
10 per cent to 95 per cent are marked on the graph paper 
as a guide when preparing the records of a selector opera- 
tion Similarly, it is possible to construct curves of con- 
stant frequency by completing points at which the period 
of ‘^make plus break’’ is a constant. A number of curves 
for frequencies from 2 i p.s. to 70 i p.s. are shown. 

On the usual form of target diagrams the frequency and 
ratio limits of a subscriber’s dial are picked out in bold 
lines, so that at the centre of the diagram there is a '""dial 
target,” which is approximately rectangular and is bounded 
by the 63 and 70 per cent diagonals, and by the 7 and 
14i.p.s curves. 

Performance of Selectors. 

In order to represent on a target diagram the overall 
performance of a selector, tests are conducted by means 
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Fig. 56 . Target Diagram 
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of a variable impulsing machine, a machine in which the 
frequency and the ratio of impulses may be varied over a 
wide range. The machine is set at, say, 10 i.p s., and these 
impulses are made to step the selector under test. This is 
repeated and the break ratio is increased until a point is 
reached, say at 85 per cent break, when the selector fails, 
due to the distorted ratio. The point of intersection of the 
10 i.p s. curve and the 85 per cent ratio line is marked on 
the diagram (Fig. 56). (Similarly, at the same frequency 
there will be a certain minimum ratio at which the selector 
will function correctly, say at 35 per cent, and this point is 
also plotted on the 10 i p.s line Further points can be 
obtained at other frequencies, and the limits are marked up 
on the diagi*am in the same way, until a maximum and a 
minimum frequency is reached at which the selector vdll 
not function at any ratio If, then, all the points plotted 
are joined up, a closed figure results, and this is called the 
'‘target diagram” of the selector 

It follows that for correct operation this closed figure 
must always lie outside the chal target , for examine, if it 
cuts the target at the 14 i.p.s end, it means that the selector 
will not function with high frequency dials. This seldom 
occurs in the case of new sv-^tches, but the closeness of the 
target diagram of the selector to the dial target is some 
measure of the margin of safety which is available. More- 
over, the use of a logarithmic scale for the make and 
break periods causes the linear dimensions in all directions 
to be of approximately equal value as regards impulsing 
efficiency. 

Analysis of Selector Failures. 

Having found which j)art of the closed figure is nearest 
to the target, it is possible to determine which part of the 
selector is at fault. 

The impulsing relay controls three sejiarate components : 
the B relay, the C relay, and the stepping magnet (vertical 
or rotary), and a theoretical target diagram for the selector 
can be constructed from a knowledge of the characteristics 
of each item 

The B relay, as explained in the sequence of operations 
on page 112, must remain operated although it is 
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disconnected during the break periods of the impulses and 
re-energized only during the short make periods (Fig 57(6)). 
Therefore, at all normal frequencies, the ratio of break to 
make must not exceed a certain figure, according to the 
characteristics of the B relay. If this is 90 per cent break, 
then the 90 per cent break ratio diagonal represents the 
boundary of the target diagram at which B relay failure 
will occur. This is marked on Fig. 68. At low impulse fre- 
quencies there is a limit to the actual break period, meas- 
ured in milliseconds, determined approximately by the 
normal releasing lag of the relay under saturation con- 
ditions. If this is 360 mS , then the horizontal line corre- 
sponding to this value forms a secondary boundary of the 
target diagram for the selector. This boundary, and also 
the precechng one, is marked ""jB releasing” in Fig. 58. 

The C relay is energized by the break contacts of the 
impulsing relay, and therefore is energized during the break 
period and disconnected during the make (Fig. 57 (c) ) It 
must remain operated during impulsing, and is therefore 
subject to the same conditions as the B relay if for ‘‘make” 
were read “break” and vice versa. Typical limits are 36 
per cent minimum break (which is the same as 65 per cent 
maximum make) and 150 mS. normal releasing lag , so that 
these two lines form further boundaries in the target 
diagram. 

In addition, the C relay must make its initial operation 
during the first break impulse (Fig. 67 (c) ), and therefore 
a minimum break period is required. However, the value 
is usually much higher than the minimum break period 
required for the vertical or rotary magnet, and therefore it 
may be ignored. 

The vertical magnet (or the rotary magnet), which is also 
energized by the break contacts of the impulsing relay, is 
different from the G relay in that it must release instead 
of hold during each disconnection period (the make period 
of the dial), and as it has a certain releasing lag, approxi- 
mately 15 mS., the make period of the dial must not fall 
below this value. Again, since the magnet must operate 
during each break period of the dial, there is a pulse- 
operating lag of, say, 36 mS., below which the break period 
of the dial must not fall. This “pulse-operating lag” refers 
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not only to the movement of the shaft, but to the full opera- 
tion of the magnet armature, in which position a pawl on 
the armature engages with a front stop and prevents the 
shaft from taking more than 1 step at a time. If there is 



{* Saturation effects have been ignored) 

insufficient break period for this locking” to take place, 
the shaft may overstep, often reaching the tenth position 
with 3 or 4 impulses. These limits of operating and releas- 
ing time complete the boundaries of the diagram in Fig. 58, 
and, subject to slight variations resulting from changes in 
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operating and releasing lags of the magnet at different ratios 
and a few other factors, the closed figure represents the 
target diagram of the selector. 

From this analysis it is possible to determine which part 
of a selector circuit is liable to fail, when the margin of 
safety between the dial target and the target diagram of 
performance is small in j ome given direction. 
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Effect of Cable. 

In the previous chapter the line conditions for impulsing 
were measured in terms of non-inductive resistance, and 
this is reasonably accurate for overhead lines. When under- 
ground cables are used, however, the capacity between the 
wires is important, although it usually gives an improved 
performance on impulsing. The basis of comparison is the 
Standard Cable, which has the following characteristics — 


Weight of conductor 
Resistance 
Distributed capacity 
Distributed inductance 
Leakage 

(A.C. tests at 800 
1 Standard Mile 


20 lb. per mile 
88 ohms per mile 
0-054 ^F. per mile 
1 mH. per mile 
1 MQ per mil© 
mles per second.) 

0-9221 Decibels. 


Lengths of artificial cable, with tappings at various 
points, are available in convenient form for testing pur- 
poses. 

It has been shown in Chapter VII that, under ordinary 
non-inductive loop resistance conditions, the effect of the 
resistance is to increase the break ratio, owing to the 
lengthened operating lag and reduced releasing lag. Also, 
a capacity between lines increases the releasing lag and 
shortens the break ratio. Thus, it will be seen that, if the 


Impulsing Circuit j 

Fre- 

quency 

Voltage 

1 

Length of Cable 

1 

( 

7 i.p.s. 

46 

194 miles 

(1700 ohms) 

Simple imp-ulBing -j 

10 „ 

50 

21* „ 

(1900 „ 

) 

( 

14 „ 

1 52 

2H » 

(2060 „ 

) 

( 

7 „ 

46 

17 „ 

(1500 „ 

) 

With dial condenser ■} 


50 

18 „ 

(1850 „ 

) 

( 

14 „ 1 

52 

22 „ 

(1940 „ 

) 


132 
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capacity is increased in proportion to the loop resistance, 
the two effects will tend to cancel out, and this, in general, 
is the condition provided by underground cable. The table 
on page 132 shows the lengths of standard cable which 
give a distortion equal to 1,200 ohms non-inductive loop 
resistance 

It is seen from this that, even under the worst conditions, 
a 1,200 ohms non-inductive line is equivalent to 1,500 ohms 
of standard cable. With very long lines, the beneficial 
effect of cable capacity is nulhfied somewhat by the exces- 
sive distortion of the wave form. 

Effect of Extension Telephone* 

In some circumstances a subscriber has an extension 
bell, together with its condenser, connected in parallel 
with the normal instrument. Thus, when the telephone is 
being used for dialling, the additional bell and condenser 
remain shunted across the line, giving the effect of an 
increase in the capacity of the dial condenser. There are 
various extension arrangements of this kind, but taking as 
a typical example an additional 1,000 ohm bell with a 
2 jbtF. condenser, the average increase in break ratio is 3 per 
cent. The effects of the dial condenser are amplified in 
other ways also 

Effect of Transmission Bridge. 

Impulsing into final selectors is different from the simple 
impulsing case, because the A relay is permanently con- 
nected to a “Stone’’ transmission bridge, consisting of a 
2 condenser in each line and a double-wound relay D 
bridging the outgoing lines, as shown in Fig. 59 (a). The 
effect on the wave form is similar in principle to that of the 
dial condenser, but it is less in extent owing to the induc- 
tance of the D relay in the circuit; also, the effect is not 
reduced by resistance in the mcoming line. The result of 
adding a Stone transmission bridge to an impulsing circuit 
is a decrease in ratio of the order of 3 per cent under most 
conditions, 

A repeating coil bridge, as shown at (6) in Fig. 59, has 
an effect even greater than a Stone bridge smce the con- 
denser (either 2 ^F. or 4 ^F.) is shunted directly across the 
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A relay. In addition, the inductance of the repeating coil 
impedes the operation of the relay. This circuit is rarely 
used for impulsing. 

Effect of Voltage. 

The distortion considered in the previous chapter refers 
to that at the normal exchange voltage of 50, but a range 

Dial . Final Selector. 


2uF 



("a) Stone Type. 


Dial, 


Repeating C oil. 



fb) Repeating Coil Type. 

Fig. 59. Transmission Bridges 


of 46-52 volts must be considered. Voltage has a greater 
effect on operating time than on releasing time, even under 
long line conditions where saturation effects are eliminated, 
and, therefore, the additional distortion is approximately 
the same either with or without a dial condenser. It follows, 
however, that, since voltage variation adds to, or subtracts 
from, the time lags a fixed number of milliseconds, the effects 
will be greater at high impulse frequencies. This is shown 
in the following set of results taken from the performance 
of the same relay that was considered previously, i.e. having 
equal operating and releasing times of 8 mS. 
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Decrease in Voltage Causes — 

Increase in operating time. 

Decrease in releasing time. 

At 10 i.p.s. : per cent increase in ratio per volt drop. 

At 14 i.p.s. : -J— I per cent increase in ratio per volt drop. 

The figures refer to the additional distortion between the 
line limits of 1,200 ohms loop and 20,000 ohms leak within 
which the effects of voltage are approximately uniform. 
With line conditions outside this range the effect of voltage 
is greater. 

Effect of Operate Current Adjustment. 

In order to reduce variation of performance due to change 
in adjustment, the operate and non-operate currents for 
the impulsing relay are specified as near to each other as 
practicable A common figure for re-adjustment is : oper- 
ate at 14*5 mA., non-operate at 12 0 mA.” An increased 
operate current adjustment (heavy spring pressure) has 
effects similar to those of reduced voltage, i.e increased 
operating lag, and, to a lesser extent, decreased releasing 
lag and, on an average relay, variation of adjustment 
within the range of a few milliamperes causes approxi- 
mately 1 per cent increase in operate current per milli- 
ampere.* This figure is increased to 1.^ per cent at 14 i.p s , 
but is practically unaffected by the use of a dial condenser. 

Effect of Residual Adjustment. 

The residual gap normally specified on the A.T.M type 
impulsing relay is 9 mils, but a tolerance of ^ niils is 
usually allowed. In practice, there is a tendency for the 
residual screw to hammer a depression in the pole face of 
the core, thus reducing the effective residual gap In this 
case, the releasing lag is lengthened, but the operating 
function is not interfered with. This causes a decrease in 
the break ratio, and, for an ordinary relay, the decrease is of 
the order of | per cent at 10 i.p.s , or 1 J per cent at 14 i.p.s. 
for each mil reduction in residual gap When a dial con- 
denser is used, the effect on the releasing lag is minimized, 

* See also “ The Distortion of Dialling Impulses” (L H. Harris); 
PO.EE, Jnl, Vol. XVII; Jan , 1925. ' 
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and then the decrease in ratio is only i per cent at 10 i.p.s. 
or f per cent at 14 i.p.s. for each mil reduction. 

Impulse Repetition. 

The fundamental object of impulsing repeaters is the 
regeneration of the impulses at intermediate points on 
routes with a total loop resistance greater than 1,200 ohms. 
In practice, however, repeaters have to be employed at any 
intermediate point at which a signalling facility is required, 
e.g. where a route passes from an exchange three-wire 
system to a two-wire junction, and vice versa. Thus the 
loop resistance on either incoming or outgoing sides of the 
repeater may be quite small, and, therefore, the full range 
of loop and leak resistances must be catered for. 

A skeleton circuit of a t 3 rpical auto-auto repeater (loop 
impulsing) is given in Fig. 60. The incoming circuit which 
contains the dial, junction, and impulsing relay A, is 
the same as has been considered previously, but on the 
other side of the 2 /^F. transmission condensers the lines 
are bridged by a shunt field relay D (for the reception of 
the metering signal) and a high impedance relay I (to pre- 
vent the leakage of speech currents). The guard relay B 
and the impulse control relay C are operated by the Al 
contacts in the same manner as in a selector (c/. Fig. 49), 
but the magnets V, It, and Z are not provided. In certain 
cases a repeater is combined with a selector, e.g. in a ‘'Dis- 
criminating Selector Repeater,” but the repeating function 
is always separated by various relay controls from the 
magnet stepping function. The C relay contact, (72, short 
circuits the I and D relays in order to cut out the high 
impedance during impulsing, a second contact of A being 
inserted in one of the outgoing lines for repeating the 
impulses. At the distant end of the second junction there 
is shown in Fig. 60 the skeleton circuit of a final selector. 

If it were not for the electrical coimections between 
the incoming and outgoing sides of the repeater, via the 
transmission condensers, the problems of impulse repetition 
would not be different from those of simple impulsing, but 
unfortunately the condensers provide paths for innumerable 
surges of current, which alter the characteristics of the 
impulsing relays considerably. 



Repeater. I Final Selector. 



lo — (5664) 
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The oscillogram in Fig. 61 shows the performance of the 
repeater impulsmg relay under zero line conditions. The 
top line (1) and the bottom line (3) represent the currents 
flowing in the two windings of the A relay, whilst the middle 
line (2) shows the current flowing via the ^2 contact in the 
negative line of the outgoing junction. The exact position 
of the oscillograph galvanometers is indicated on the cir- 
cuit in Fig. 60. In addition, the closing and opening of the 
dial contacts is represented by continuous and broken lines 
respectively. An analysis of the surges is given in the 
following paragraph. 

The case under consideration is that of an intermediate 
impulse, i.e. after the contact has been operated and 
has short circuited the high impedance relay. When the 
dial contacts close (position {a) in Fig 61) there is a normal 
rise of current in both windings of the A relay and, so long 
as the A2 contacts are open, there is no current in the 
negative line of the outgoing junction, and the outgoing 
sides of both transmission condensers are kept at earth 
potential by the earth feed from the final selector (Fig 60). 

When the A2 contact operates (position (6) ), it completes 
the outgoing loop from earth at the final selector to C2 and 
A 2 in the repeater and back to the 50 volt battery at the 
final selector. Thus the potential on the outgoing side of 
both transmission condensers is raised from zero to the mean 
between 0 and 50 volts, i e. 25 volts (negative potential 
being referred to in all cases, since the positive side of the 
battery is earthed). This raised potential produces twin 
surges of current back into the winding of the repeater A 
relay, but the surge in the negative line winding opposes 
the normal direction of current and that in the positive 
line winding augments the normal current This is visible 
on the oscillogram. From this it might be inferred that 
the two eflects would cancel out, but although the two 
windings of an impulsing relay are of equal efl&ciency from 
the point of view of impedance to speech currents, they 
are not of equal eflSiciency as regards operate current, and 
therefore, if the opposing surge is in the more sensitive 
instead of in the less sensitive of the two windings, a false 
release of the A2 contact takes place as shown by line (2) 
of the oscillogram. 
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At position (c) in the oscillogram in Fig. 61 the dial 
contacts have broken the incoming circuit : the result is a 
gradual fall of current m both windings of the relay, such 
as would be expected from an impulsing circuit with a dial 
condenser and a transmission bridge condenser as well. The 


€v h c d 



Fig. 61 Wa\t] Form in Impulse Repeater 

second junction plays some part, however, in distorting 
the shape of this portion of the wave form as is shown by 
the rise in current in line (2) of the oscillogram. 

A little later, at position (d), the impulsmg relay releases, 
and the opening of the outgoing circuit at A 2 produces 
twin surges through the transmission condensers in the 
same way as the operation of A 2 considered above, except 
that the direction of the surge current is the reverse of the 
previous case Nevertheless, it is again the negative line 
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winding which receives the surge tending to produce in- 
correct operation, and, therefore, the requirement of least 
sensitivity for the negative line winding holds good for both 
operation and release. 

Even when this requirement is met, there is still a very 
poor wave form, and if any genuine contact bounce were 
to occur the effect on the wave form would be amplified. 
The only real solution to the problem appears to be the 
disconnection of the transmission condensers during im- 
pulsing, thus separating the impulsing circuit of one junc- 
tion from that of the next, but at present there are other 
difficulties preventing this step. 

It will be noticed also that the C relay cannot short 
circuit the high impedance relay I until after the first break 
impulse has been received, and this results in much more 
distortion of the first impulse than of the rest. At present, 
therefore, impulsing via repeaters is not so much a question 
of short time lags of the impulsing relay as it is a question 
of the control of condenser surges, and in many cases the 
relay with the longer operating and releasing lags may give 
better impulse repetition because it will not respond to the 
surges. 

Compensating Besistance. 

In some exchanges, where a repeater is permanently 
connected to a low resistance line on one side or the other, 
a compensating resistance is inserted to bring the total 
loop resistance to a standard figure (between 900 and 1,200 
ohms) Thus, all the repeaters are working under the same 
loop conditions regardless of the actual length of line. 

In the case of outgoing repeaters, i.e. repeaters associated 
with a junction outgoing from the exchange, the compen- 
sating resistance is inserted in series with the C2 contact, 
which forms the outgoing loop (Fig. 60). Two resistance 
spools, 300 ohms and 600 ohms, are provided in series and 
their terminal points are extended to soldering tags, so 
that either 300 ohms, 600 ohms, or the combined 900 
ohms, can be short circuited to give compensation to the 
nearest 300 ohms. For incoming repeaters permanently 
associated with a first junction of known resistance, com- 
pensating resistance may be inserted in the battery and 
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earth feeds to the A relay, 150 ohm aad 300 ohm spools 
bemg provided in each feed. The principle in both cases is 
the same, since the line condition for one of the impulsing 
relays on the route is stabilized, but, since the greatest 
distortion is produced by the condenser surges as explamed 
previously, the beneficial effect of compensation is con- 
siderably masked, and under some conditions the com- 
pensating resistance may produce even greater impulse 
distortion by aggravating the surges. 

Battery Impulsing. 

In the preceding paragraphs the remarks have been con- 
fined to the principle of ^“^loop impulsing,’’ i.e. impulsing 

Originating Exchange. Receiving Exchange. 

(signal ling Relay) 


(impulsing Relay) 


Dial. 

Fig. 62. Battery laiPULsma Circuit 



by means of a dial at the looped end of a line, in which 
case both battery and earth terminations of the circuit are 
in the same exchange and the current must traverse both 
wires of the junction For long junctions between ex- 
changes, say, 3,000 ohms loop, and particularly when 
working from a manual exchange to autb, the '-battery 
impulsing” circuit (commonly called ''battery dialling”) is 
frequently employed, the principle being shown in Fig. 62. 

In this case the impulses are transmitted on one wire 
only (termed the B line, in accordance with manual ex- 
change practice), the impulsing circuit being from the 
battery at the originating exchange, via a 100 ohm protec- 
tive resistance to the dial impulsing contacts, and thence 
over the B line to a single-wound A relay connected to 
earth at the distant receiving exchange. In addition, for 
signallmg purposes, the A line is connected from the same 
battery and a similar 100 ohm protective resistance to a 
line relay L also connected to earth at the distant exchange. 
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The protective resistances are inserted primarily to reduce 
the possibility of blowing fuses in the case of accidental 
earthing, and for low voltage exchanges, e g. 22 volts, the 
resistances are reduced to 40 ohms each. A dial condenser 
is normally fitted and is connected so that the protective 
resistance has the additional function of preventing the 
discharge current of the condenser from welding the dial 
impulsing contacts. 

The effect of long lines on battery impulsing relays is 
approximately half that on loop impulsing relays, because 
only single line resistance is concerned instead of loop 
resistance. Moreover, it is usual to adjust battery impulsing 
relays to a lower operate current in order to assist this 
effect. Under long line conditions, with a dial condenser, 
the releasing lag of typical battery impulsing relays is 
affected less by the maximum flux variation than by the 
damping of the condenser surge. (See page 124.) As a 
result, the effect of adding line resistance up to about 
400 ohms (equivalent to an 800 ohm loop) is a reduction 
of break ratio, after which the effect is changed to an 
increase. This dial variation improves the overall per- 
formance under varying loop cond&tions. 

The effect of leaks between lines on short junctions is 
practically the same as for loop impulsing, because such 
leaks tend to short circuit the dial contacts. Earth leaks 
from the A line have no effect on the impulsing circuit. 
Earth leaks from the B line are virtually shunted across 
the impulsing relay, but the effect is very small. It follows 
that the overall performance of the battery impulsing circuit 
is particularly suitable for long overhead line construction 
where leak resistance is more frequently from line to earth 
than from line to line. 

Earth potential difference between the originating and 
receiving exchanges becomes of importance with battery 
dialling, and has the effect of increasing the range of voltage 
within which the A relay must carry out its functions , this 
P.D. is frequently of the order of 3 volts, and may be 7 volts 
or more in exceptional cases. This is of great importance 
in cases where the normal battery voltage at the originating 
manual exchange is low, e.g. 30 volts instead of the 50 volts 
which is usual for auto exchanges. 
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Reverted Impulsing. 

Another impulsing principle is that known as Reverted 
Impulse Control, which is adopted in certain systems of 
automatic telephony, notably the Western Electric Co/s 
rotary and panel systems. It may be stated briefly that, 
when a selector is seized, it is stepped by a machine and 
the movement of the selector causes impulses to be sent 
back over the line to the sending end. These impulses are 
counted automatically and, when the requisite number of 
impulses has been received, the distant selector is prevented 
from stepping any farther, having arrived at the outlet 
required. Although reverted impulsing is used to a large 
extent in various parts of the world, it is the Strowger system, 
with either loop or batter^^ impulsing, that is used almost 
exclusively in this country. 



CHAPTER IX 

TIME MEASURING INSTRUMENTS 

There is at the present time a large and varied collection 
of time measuring devices, both for operating and releasing 
lags and for impulse ratios and frequencies, and the follow- 
ing instruments have been selected as being representative 
types*** 

Oscillograph. 

This recording instrument takes first place among time 
measuring devices, both for normal time lags and for im- 
pulsing characteristics, and is, from the telephone engineer’s 
point of view, the standard by which all others are judged. 
The type of instrument described here is that manufactured 
by the Cambridge Instrument Co., Etd., with a few minor 
alterations which adapt it to the particular needs of relay 
timing. 

Briefly, it may be stated that the current in a relay coil 
and the current through its contacts are passed through 
separate reflecting galvanometers, and the changes of cur- 
rent are recorded photographically by means of rays of 
light reflected from the galvanometer mirrors. The optical 
system is shown in Pig. 63. The light source is a 24 watt 
automobile bulb, which is overrun by 100 per cent during 
the actual exposure. After conversion into three beams by 
means of a mask in conjunction with the lenses L\ and 7^2, 
the rays of light strike the mirrors of the three galvano- 
meters, and finally are focused by to three spots side 
by side at the shutter (one only is shown). Immediately 
behind the shutter is placed the camera, with a drum of 
sensitized photographic paper (2|- in. wide), which is passed 
rapidly in front of the aperture by rotation of the drum. 
Thus, if the shutter were open and the drum rotated, three 
parallel straight lines would be traced on the paper, corre- 
sponding to the spots from the three galvanometers. If, 

* For more detailed information, see “The Measurement of Relay 
Times” (R. W. Palmer); Inst, P.O. Elec. Engrs. Paper No. 122. 
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Fig. 03. Oscillogeapii Optioal Sy.STMM 
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however, the current in one of the galvanometers changes 
while the drum is moving, the change will be recorded by a 
deflection of the corresponding line traced out on the paper. 

For the measurement of the time lag of a relay at two 
make contacts, one of which is an x contact, the current 
in the coil is passed through No. 1 galvanometer, the 
X contact is connected in series wdth the No. 2 galva- 
nometer, and the last contact is connected in series with 
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Fig. 64 Oscillogram of Relay Operation 

the No. 3 galvanometer In each case suitable values 
of shunt and series resistance are used to give a reason- 
able deflection without interfering with the circuit con- 
ditions imder which the relay is being tested. The result 
of taking an ''oscillogram” of such a relay is shown in Fig. 
64. The shape of the deflections in the top line shows the 
gradual rise of current in the relay coil when it is energized, 
whilst in the second line, although the current rises to its 
maximum instantaneously, there is some bounce of the 
contacts, which causes momentary disconnections of the 
current. The third line shows a clean contact bemg made 
without bounce. 
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The vertical lines are also made photographically and 
are 10 mS. apart in time relationship, being produced 
by a separate shutter actuated by a tuning fork. This 
fork has an accuracy of 0*01 per cent by National Physi- 
cal Laboratory test, and gives a flood of light across the 
normal aperture every 10 mS. The paper can be moved 
so quickly that these vertical timing Imes are as much as 
J in. apart, and thus it is an easy matter to determine the 
operating lag of the relay by counting up the number of 
10 mS. spaces, or fractions of spaces, between the commence- 
ment of the current in the coil and the change of current 
produced by the contact. An alternative to the use of 
timing lines is the passing of an oscillatory current of 
known frequency through one of the galvanometers, but for 
obvious reasons this is not so satisfactory. 

In Fig. 64 the operating lag of the x contact is 11 mS. 
(including the worst portion of the bounce), and that of the 
other contact is 33 mS. The armature is not fully attracted 
until 2 mS. later, this being indicated by the deflection of 
the top line because, when the armature strikes the core, 
the reluctance is reduced rapidly and this produces a back 
E.MF., which shows itself a^ a momentarj^ reduction of 
the current in the coil. 

A ‘‘transportable” oscillograph is shown in Fig. 65. The 
apparatus can be packed away in the box, which, when 
measurements are being carried out, forms a table. The 
legs can be unscrewed and fitted mside the box, and the 
spare parts, photographic materials, developer, etc , are 
carried in a leather case specially fitted up for the purpose 
In the illustration, the spare galvanometers in the carr\dng 
case are clearly shown; they have horse-shoe permanent 
magnets for the production of the field, and the movement 
consists of a single loop of fine wire, which also forms the 
bifilar suspension. The moving parts are enclosed in a 
sealed chamber filled with damping oil to prevent over- 
deflection A diminutive mirror, approximately inch in 
diameter, is secured to the suspension in a position imme- 
diately behind a window between the poles of the magnet, 
and levelling screws are provided for adjustment of the 
rays of light. These galvanometers are not so sensitive as 
those used for high frequency work, a current of 30 mA. 
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being required to give a deflection of 1 cm. on the oscillo- 
graph paper, but this is sufficient for most needs and 


Fig. 65 . Portable Oscillograph 

enables a very compact and portable instrument to be 
produced. On the oscillograph illustrated some galvano- 
meters are in position on the left-hand side, the camera 
being seen as a rectangular box at the opposite end. In 
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this case the paper is rotated by turning a handle, but in 
stationary oscillographs an electric motor is used, giving a 
more even speed so that the 10 mS. timing lines are more 
evenly spaced 

The camera shown is not of the single drum type which 
was mentioned previously, but of the cinematograph film 
type, allowing as much as 150 feet of oscillograms to be 
taken, either in sections or as one long record. It should 
be mentioned, however, that in the drum type of camera, 
a series of cams is employed whereby the shutter is opened 
for J, I , or the whole of one complete revolution of the 
drum, which is 10 inches in circumference, and, provided 
that care is exercised in synchronizing the relay operation 
with the exposure, the drum camera is more economical in 
paper. This synchromzation can be facilitated by making 
the opening of the shutter close or open the circuit of the 
relay under test. Either camera may be jacked in or out 
with great ease, its case being rendered light-tight auto- 
matically as soon as it is removed from the oscillograph. 

The eyepiece seen protruding from the top of the oscillo- 
graph is used for observing the deflection of the rays of 
light before the photographic record is actually taken, this 
being achieved by a system of rotating mirrors driven hy 
a belt from the camera spindle (Fig. 63). On the baseboard 
are terminals, low resistance variable shunts for the galva- 
nometers, and other apparatus for the control of the 
circuits. 

There are other types of oscillograph which are suited 
to relay work, and which give more facilities than the 
instrument just described ; for examjile, the Siemens and 
Halske instrument and that of the International Western 
Electric Co., the former having seven and the latter six 
galvanometers, but a detailed description of the many 
ingenious devices that they contain is not necessary in 
this book 

Other Recording Instruments. 

There are a number of other devices for recording the 
operation of relays, most of them involving an i^ or 
pencil mark on a moving strip of paper. They are not, as 
a rule, suitable for telephone ivork, except for very slow 
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relays, chiefly because of the difficulty of obtaining a clear 
record at high paper speeds ; about 10 in. per second is the 
maximum. Records can be made more easily by means 
of a stylus on a celluloid strip, as in the Cambridge Instru- 
ment Co.’s chronograph, and since the line produced will 
stand examination by microscope, a much greater accuracy 
can be obtained. The limitation of many of these recording 



instruments is, however, the comparatively large amount 
of power required to operate the ‘"pen” or stylus. 

Electrical Chronometers. 

There are very few electro-mechanical indicating instru- 
ments suitable for telephone relay work, chiefly because 
of inertia effects, preventing the measurement of small time 
intervals. One which has been used with some success for 
slow relays is the phonic chronometer, made by Messrs. 
Tinsley & Co. and shown in prmciple in Fig. 66. The 
essential part is a phonic motor, which is driven at con- 
stant speed by an electrically maintained tuning fork. The 
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flywheel of the motor is represented by the large wheel TI" 
in the diagram, and, situated within a few mils of this wheel, 
is a smaller friction wheel which can be brought into 
contact by means of the magnet ilf. The spindle of the 
friction wheel is extended to carry a light pointer, which 
moves over a dial suitably graduated to give a direct 
reading of the period of contact between the wheels. In 



Fig. 67 . Phonic Chronometer Timing Set 

the normal position the friction wheel i*ests against a back- 
stop, which also acts as a brake to arrest the rotation of 
the wheel when the magnet M is released The electro- 
magnet M has two coils differentially wound ; they are con- 
nected so that when the currents are flowing in opposite 
directions the fluxes produced cancel each other, and the 
friction wheel is allowed to remain against the back-stop. 
When one of the differentially wound coils is disconnected, 
the magnet operates and starts the rotation of the pointer : 
then, when the other coil is disconnected, the magnet is 
released and the pointer is immediately arrested by the 
brake. The instrument will also measure the period between 
the times of energizing of the two coils. 
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Attention has been paid to the reduction of errors result- 
ing from slip and inertia of the friction wheel and pointer, 
eccentricity of wheels, magnet time lags, residual flux, etc , 
and to this end the travel of the magnet armature has been 
reduced to 5 mils. Instead of a single dial and pointer, the 
instrument made by Messrs. Tinsley & Co , and illustrated 
in Fig. 67, has a simple train of four dials giving readings 
up to 100 seconds, the pointer being re-set by hand between 
successive tests. 

A chronometer of this type is also made by Messrs. 
Everett Edgcumbe, Ltd., the motor in this case being a 
Warren synchronous motor driven from A.C. mains, but 
both instruments are suitable only for relays with time lags 
in excess of about 100 mS. 


Ballistic Gralvanometer Methods. 


There are two ways of measuring time intervals with a 
ballistic galvanometer, the first of which makes use of the 
time constant of a circuit containing capacity and resistance. 
The ballistic galvanometer is used to measure the charge ac- 
quired by the condenser, during the time that the test relay 
is operating, and this time can be calculated as follows — 
In a circuit containing capacity C and resistance B, and 
a constant applied voltage F*, the relation between the 
current I and the time t is given by — 

v=is+~ 


from which it may be found that, when a condenser is being 
initially charged, the relation between the charge q, acquired 
during the time t, and the ultimate charge Q, which would 
be acquired after an infinite time interval, is given by — 


hence 


and 


t 

RG 


■log, 




t = - RG log, 


{Q) 

(Q-g) 

{Q) 


This gives an expression for the time interval during which 
the condenser has been charged, the values of the quantities 
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Q and q being proportional to the deflections of the ballistic 
galvanometer in the condenser circuit. If, therefore, the 
capacity G of the condenser is measured in farads, and the 
total resistance M in series with it (including that of the 
galvanometer) is in ohms, the time t in seconds can be 
calculated from the ratio of the galvanometer deflections. 

It is sometimes more convenient, however, to use the 
discharge of a condenser, in which case the same formula 
will apply, if for q we insert the amount of the discharge 
instead of the charge. It can be shown also that the 
maximum sensitivity is attained when the time t = HC, 
0 

the ratio ^ being as great as possible. Since these methods 

depend on fundamental calculations from first principles, 
they have been used as a check on others which have less 
accurate speed controlling devices. 

An alternative method of using a ballistic galvanometer 
is to pass a known current through it for the time the 
throw obtained being a direct measure of this time. This 
lends itseK to very accurate measurements and has been 
used for time intervals from a small fraction of a milli- 
second up to 1,200 mS. 

In all cases special attention is paid to the simul- 
taneous closing of the test relay and the galvanometer cir- 
cuits. Two separate fast operating relays may be used, 
being energized by the same starting current, in which case 
they can be adjusted by varying resistances in series with 
them. In this way the operation of the two circuits can be 
synchronized to one- twentieth of a millisecond, and in 
special cases to one-hundredth of a millisecond 

Electrostatic Voltmeter Method. 

This is a condenser charge method similar to the ballistic 
galvanometer instrument, but here, instead of measuring 
the charge, the potential acquired by the condenser is 
measured by means of an electrostatic voltmeter. The 
formula in this case is, therefore — 

where V is the applied voltage and v the potential acquired 

II — (5<>6 ) 
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by the condenser. The maximnm sensitivity is when t = 
RG, independently of the magnitude of O, A convenient 
circuit is that shown in principle in Fig. 68, from vliich it 
will be seen that the voltmeter reads “ 7 - direct. Two 
auxiliary relays, 8 A and 8Z, are used to start and stop the 
charging of the condenser, but, provided that their operat- 
ing lags are equal, they do not affect the reading. 



1 

j ffe/ay under 



Fig. 68. Electbostatic Voltmeter Timing Circuit 

Millisecond Meter* 

In this time measuring device the interval is measured on 
an instrument differing very little from an ordinary milli- 
ammeter, and therefore it may be made in portable form 
(Fig. 69). The millisecond meter is a patent of Messrs. 
Siemens Bros. & Co., Ltd., and was designed by Mr. 
Grinsted of that company. 

In an ordinary moving coil instrument the speed at 
which the pointer takes up its position when the current 
is applied is dependent upon — 

[а) The deflecting force due to the current in the coil. 

(б) The controlling force exerted by the restoring spring, 
(c) The damping force. 

Id) The inertia of the moving system. 

If, however, the restoring spring is removed entirely, and 
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the damping force is made v^ery large compared with the 
inertia, the detleetiiig force due to the current will cause 
the jjointer to move over the scale with a constant speed 
which will be proxiortional to the value of that current. 



Eig. 69. Millisecond Meter 


and to come to rest quickly when the current is cut off. 
Thus, by applying a known current for a short interval of 
time the ultimate deflection of the pointer vnll be a direct 
measure of that time. Moreover, since there is no restoring 
force, the pointer will remain in position until returned to 
zero by a reverse current. 
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With the fundamental arrangement as described, the 
deflection is directly proportional to the time interval, and 
therefore, if the current were applied for an excessive time, 
the pointer would be forced against the stop at the end of 
the scale and possibly would be damaged. This can be 
remedied for relay work by using the discharge current of 
a condenser in place of a steady current, and this method is 
shown in Fig. 70, which is a circuit diagram of a complete 
timing set for the measurement of relay lags. 

It will be seen that the 20 ^F. condenser is normally at a 
potential determined by the position of the potentiometer. 
The start key 8T is thrown, and then, in the case of an 
operating lag, relay 8A simultaneously energizes the test 
relay and completes a discharge circuit for the condenser 
via the resistances and the miflisecond meter. As soon as 
the test relay contacts close, the millisecond meter is short 
circuited and the pointer is, therefore, immediately brought 
to rest. After the reading has been taken, the re-set key 
R8 is operated, thus giving the meter a small reverse cur- 
rent, which gently restores the pointer to the zero position 

This arrangement gives a logarithmic scale, and the capa- 
city of the condenser can be such that the current result- 
ing from the complete discharge will not move the pointer 
beyond the full scale deflection. It will be seen from this 
circuit that all relay testing requirements can be met with- 
out introducing the time lags of auxiliary relays, but one 
relay is still required to provide simultaneous operation of 
the test relay and the meter. Since the deflections in this 
instrument are dependent on the voltage at the time of 
the test, the potentiometer is adjusted until a full scale 
deflection is given for an infinite time interval ; that is to 
say, for the complete discharge of the condenser. It is 
arranged that this may be done quickly by means of a 
“check’’ key. 

The millisecond meter can also be arranged to test im- 
pulse ratio and frequency, by measuring first the time taken 
for a train of impulses and then the sum of the make or the 
break periods in that train. 

As regards accuracy, provided the voltage is constant 
throughout the test, readings of 500 mS. can be obtained 
to within 1-5 per cent, whilst the errors on small times of 
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25 iiivS. down to 1 mS are too small to be detected by the 
oscillograph. 

Variable Interrupter Method. 

This is a null method of measuring relay lags, and is one 
of the few instruments which can be used for the deter- 
mination of pulse-operating times. The variable interrupter 



Fig. 71. Variable Interrupter 


is the same as a variable impulse machine, except that 
there is a much greater range of adjustment than is required 
for impulsing work. There are many types of instrument 
which will provide this facility; for example, the Helical 
Commutator with brushes that move along the axis, the 
ordinary Drum Commutator with brushes which can be 
rotated about the axis, and the Disc Commutator of a 
similar type ; but in explaining the general principles refer- 
ence will be made to the disc instrument used by Messrs. 
Siemens and shovn in Fig. 71. The commutator disc is 
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divided into two segments, and the two brushes in their 
adjustable mounting are shown clearly in the photograph. 
When the disc is rotated by an electric motor, current will 
pass between the brushes so long as those brushes are 
resting on the same segments, and, therefore, the length of 
make is dependent on the angular displacement of the 
brushes. The brush mounting is calibrated in degrees for 
this purpose. The length of make is also dependent on the 
speed of the disc, so provision is made for indicating the 
speed, either by means of a mechanical tachometer or, as 
in the vSiemens case, by measuring the voltage from a low 
tension magneto connected to the shaft. 

Pulse-operating times are measured by* connecting the 
test relay in series with the commutator, the length of the 
‘‘make” being adjusted until the relay just operates, as 
indicated either by visual observation or by listening in a 
telephone receiver connected to the relay contacts; the 
break period must be kept sufficiently long for the flux in 
the relay to drop to zero between successive operations. 
The displacement of the brushes is then a measure of the 
“pulse-operating” lag. Releasmg lags may be measured in 
a similar manner. 

Ordinary operating and releasing times require the use 
of two commutators on the same shaft, as shown in Fig. 72. 
Here the relay under test H is connected as before in 
series with one commutator A, but the other commutator 
By with its brushes in the opposite phase, is connected in 
parallel with the test relay contacts in the circuit of a 
telephone receiver. The speed of the shaft and the position 
of the brushes on disc A are first adjusted so that there is 
ample time for the relay B to operate; in the positions 
shown, the A disc will have just energized the test relay. 
At the same time the B disc will have given a click in the 
receiver, followed by another click after the lapse of a few 
milliseconds when the test contacts Jffl close. The brush 
B1 can be moved in the direction of rotation until the two 
clicks coincide, and then the angular displacement of 
with respect to A 1 is a measure of the operating lag. 

Releasing lags are measured similarly except that, in 
order to avoid confusion, the operating clicks must be 
made to coincide first. The brush B2 is moved in the 
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direction of rotation until double ‘^release’’ clicks com- 
mence. Turther slight adjustment enables the point of 
coincidence to be found and then the angular displacement 
of B2 represents the releasing lag of the test relay. 

The accuracy of this method depends almost entirely on 
the mechanical design of the machine in such details as 
rigidity of brushes, width of brush contacts, speed regula- 
tion, etc., and, in any case, since it is a null method, it has 



to be assumed that the characteristics of the relay are con- 
sistent in successive tests. 

Condenser Bridge Method. 

There are many variations and adaptations of the well- 
known Wheatstone bridge principle, the ordinary capacity 
bri(^e being one which is in common use, but there is a new 
variation of the capacity bridge which has been developed 
by the American Telephone & Telegraph Co. of the United 
States.* 

* See “Bridge for Measuring Small Time Intervals*’ (J. Herman ) ; 
Bell System Tech. Jrd. Vol. VII, 2; April, 1928. 
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The principle of the condenser bridge timing set is shown 
in Fig. 73, where the operating lag of a relay with a make 
contact is being measured. When the start key is throwm 
the 8 A relay operates so that /S^l energizes the relay under 
test, whilst 8A2 completes the charging circuit for the 
condenser Cl in one arm of the bridge via the variable 
resistances i21. The smaller condenser C'2 in the other 
arm of the bridge is already charged to the full battery 
potential. The condenser Cl continues to be charged 



until the test relay contacts close and operate the ‘'stopping 
relay ’’ 8Z. The SZ contacts disconnect the charging circuit 
and then operate the relief relay SB^ which closes the con- 
denser arms of the bridge circuit. Thus, if the charge 
acquired by the large condenser Cl during the time t is 
equal to the full charge of the smaller condenser C'2, then 
the bridge will be balanced as indicated by zero deflection 
on the galvanometer. The value of the time interval t will 
be obtained from the formula — 

t = -Bl X Cl X log/-^^ 

In this case, however, g is a constant and is equal to the 
full charge of the condenser Cl, and q is also a constant 
and equal to the full charge of the condenser C2, this being 
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equal, under balanced conditions, to the charge acquired by 
the condenser Cl during the time t. Hence, the time is 
directly proportional to resistance, and, if suitable values 
for Cl and G2 are chosen, the readings of i21 in, say, hun- 
dreds of ohms, can be made a direct measure of the time in 
milliseconds. It will be noted that there are additional 
resistances i?4 and R5 included in the discharge circuit of 
the condensers. These are to prevent sparking at the SB 
contacts, but if double kicks on the galvanometer are to be 
avoided it is essential that the time constant of the dis- 
charge circuits should be the same, and the values of these 
resistances must be chosen such that — 

R2 + B4 C2 
E3 + B5 ^ Cl 

A standard 4-dial decade resistance box may be used 
for the variable resistance i^2, and may be calibrated from 
tV mS. to 1,000 mS. in ^ mS. steps. In series with jRl will 
be seen a zero adjusting resistance J?6, which compensates 
for the lag introduced by the relays SZ and SB. A suitable 
galvanometer is the Weston flush-pattern needle instrument. 

For the accuracy of such a set as this one has but to con- 
sider the supremacy of other types of bridge circuit in this 
respect, the only requirement being the use of high grade 
resistances and condensers. The maximum sensitivity will 
be obtained with high voltage, large condensers, and high 
capacity ratio. It will be noted, however, that a constant 
voltage is necessary, although for telephone exchange work 
a potentiometer could be provided for this purpose. 

Metroscope. 

The timing devices so far described have indicated that 
the measurement of relay lags has become almost as simple 
as the measurement of relay operate or release currents, 
but in nearly every case there is the difficulty that access 
to the contacts must be given as well as access to the coil 
of the relay. It was with a view to eliminating these diffi- 
culties that an optical instrument called the Metroscope 
(Fig. 74) was designed by the author. 

The fundamental principle is that of a photographic 
shutter giving various exposures, so that if the relay is 
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energized when the shutter is opened the exposure can be 
adjusted until there is just time to see the contacts move 
when looking through the aperture. The latest metroscopes 
differ from this in that the shutter is normally open, en- 
abling the observer to get his eye well focused on the relay 
contacts before making a test The relay is energized by 
the operation of the start button, and, after the requisite 
time interval, the shutter closes, cutting off the view. The 
wheel on the left (Fig. 74) controls the speed of the shutter 



Fig. 7 4 Metroscope 

and is calibrated direct in milliseconds.* The starting and 
re-set controls are also indicated. 

Fig. 75 shows the internal mechanism. The speed of the 
shutter is regulated by an air piston with spiral spring 
drive and needle valve control. The piston is a machined 
fit in its cylinder, and a universal j'oint is provided between 
piston and piston rod. In the upper photograph the piston 
rod, situated just below^ the lamp has been pulled to the 
right by the ''re-sef lever, and this lever has returned to 
its normal position to avoid interference with subsequent 
operations ; the double vane shutter in the right-hand lower 
corner is open. The contacts in the centre for operating or 

* Note. — In Figs 74 and 75 tho control wheel shown is calibrated 
in degrees for experimental purposes. 
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releasing the relay under test are relay springs of the make- 
before-break type, and a small two-way switch protruding 
through the lower edge of the case is used to select either 
the make or the break portions of the assembly, according 



Fig. 75. JMetroscope Mechakism 


to the type of test that is required, i.e. operating lag or 
releasing lag. Wlien the start button on the left-hand side 
is pressed, a trigger is released and the piston rod moves to 
the left at a speed dependent on the setting of the valve 
control, and, early in its stroke, it allows the contacts to 
make or break as the case may be. The shutter remains 
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open until released by a trigger at the end of the stroke of 
the piston, the speed of closing being such as to give an 
almost instantaneous cut-off independent of the speed of 
the piston. The lower photograph shows the shutter closed 
at the conclusion of a test. 

Other facilities provided in the metroscope illustrated 
are the illumination of the relay under observation by 
means of the small 10-watt lamp, and the provision of a 
4-point jack and plug of the “operators’ telephone” type, 
for making rapid connection to the control contacts and to 
the lamp. 

With an optical instrument the errors are necessarily 
dependent on the individual, and owing to the limitations 
of the human eye it is difficult to time relays wdth lags of 
less than 25 mS. with great accuracy. A time lag of 
300 mS., however, may be measured after very little prac- 
tice to within 20 mS. ; it is doubtful if much greater 
accuracy than this would be obtained even with greater 
precision in the mechanism, because of the appreciable 
time taken for a relay armature to move. This difficulty 
is, of course, more pronounced in the case of operating lags, 
and, for this reason, it is best to observe on one particular 
relay contact rather than on the armature. The maximum 
range is of the order of 1,000 mS. 

Uniselector Method. 

Any of the direct reading instruments could be used for 
checking that the lag of a relay was within a certain range, 
especially those incorporating null methods, but the uni- 
selector method is one of a class w^hich is used only to 
check a range of time accurately, without providing details 
of the exact time lag. It has been included in certain auto- 
matic routiner circuits in telephone exchanges. A skeleton 
circuit for the measurement of selector B relay releasing 
times is shown in Fig 76 

It consists of a uniselector connected by a relay contact 
or by a start key to the exchange impulse machine running 
at 20 impulses per second After the uniselector has taken 
the first step the wipers on No 1 bank disconnect the relay 
under test. The switch continues stepping at 50 mS per step, 
and the circuit is so arranged that if the relay releases 
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whilst the wi])ers are on certain contacts representing a 
predetermined time margin, the routiner is stepped on to the 
next test. If the relay is too fast or too slow, the uniselector 
wipers will have reached different positions and lamp 
signals will be given accordingly. Many refinements are 


Selector under 
test 





Fra. 76 Uniselkctor Timtnci Circuit 

required in a circuit of this kind, but the important point 
is that the release (or operation) of the test relay must be 
effected by the uniselector itself after it has commenced 
stepping. So long as this is done, any time margin can be 
checked in steps of 50 mS. with an accuracy which is depen- 
dent almost entirely on the frequency reliability of the 
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exchange impulse machine The present frequency varia- 
tion on these machines is 5 per cent, but in any "case the 
actual frequency can be checked by allowing the uniselector 
to rotate continuously, the time taken for a number of 
revolutions being measured by means of a stop watch 
Although the time readings are in steps of 50 mS., the first 
step is usually about 20 mS instead of 50, being dependent 
on the ratio of the impulse machine and the time lags of 
the uniselector magnet ; the actual value can be calculated 
A transformer on a supply company's A C. mains can also 
be used for driving the uniselector, since the frequency is 
usually kept within very narrow limits 

There are also other methods of checking relay lags by 
comparison with constant time intervals, e g. using pendu- 
lums, calibrated relays, etc., but these are rarely used by 
the telephone engineer. 

Milliammeter Ratio Tester. 

This type of instrument is particularly suited to the 
measurement of impulse distortion by relays, and was first 
developed by the Research Section of the G.P O. Engineer- 
ing Department , it may be adapted also to the measure- 
ment of operating and releasing lags under impulsing con- 
ditions.* The method depends on the fact that a heavily 
damped milliammeter in series with, or shunted by, an 
impulsing contact gives a reading which is proportional to 
the make or break ratio of the impulses. A suitable mstru- 
ment is a specially damped Unipivot milliammeter (0-120 
mA.), made by the Cambridge Instrument Co. In Fig. 77 
the relay under test is shown at A, connected to an im- 
pulsing circuit. Immediately below’’ it at (a) is shpwm the 
skeleton circuit of the tester when arranged for the measure- 
ment of break ratios. The milliammeter is normally in 
series with a battery and a variable resistance H, w’’hich 
limits the current to 100 mA. When impulses are being 
received the meter is short-circuited during each operation 
of the make contact A1 of the relay under test, and current 
IS allowed to flow only for the duration of the break periods. 

♦See “The Distortion of Dialling Impulses” (L. H. Harris); 
P.0, Elec, Engrs, Jnl., Vol XVII, Part 4; January, 1925. 
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Fig. 77. Milliammeteb Katio Tester Circxhts 
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Hence, the reading in milliamperes will express the per- 
centage break given by the A1 make contacts. 

The next circuit (b) shows the A contacts in series with 
the milliammeter instead of in parallel, and, therefore, 
current passes only during the make periods, and the 
reading in milliamperes consequently expresses the per- 
centage make ratio. Similar circuits may be devised for 
the measurement of the break or make ratio given by the 
break contacts, but for tests on A,T.M. relays the use of 
the break is undesirable because of the possibility of bounce 
on that contact. 

For the measurement of the operating lag of an A relay 
under impulsing conditions the circuit (c) is used. It is 
necessary to have a duplicate set of impulsing contacts IjB, 
which operate in exact synchronism with the impulsing 
contacts lA, which are operating the A relay. It is con- 
venient in most circumstances to use two repeating relays 
controlled by a common impulse machine, one with make 
contacts which carry out the function of lA, and the other 
for J-B, because then the S 3 nichronization can be effected 
by varying resistances in series with the respective repeating 
relays until they both give zero, or at least equal, distortion. 
In the circuit (c) the IB contacts are in series with the 
milliammeter and the A1 contacts under test are in parallel. 
When the I A and IB contacts close the A relay is energized, 
and, simultaneously, current is passed through the milli- 
ammeter. Later, after the operating lag of the A relay has 
elapsed, the meter is short circuited by JLl, and since, at 
the end of the make impulse, the IB contacts open before 
the A 1 contacts are released, there will be no further current 
in the milliammeter except during each subsequent operat- 
ing lag of A, Consequently, the reading on the meter is the 
measure of that operating lag. 

The circuit {d) is similar in principle, except that the 
IB and A1 contacts are transposed, and it will be seen 
that current passes through the milliammeter only during 
the interval between the opening of IB and the opening of 
Al, this time interval being the releasing lag of the A relay 
under impulsing conditions. 

Facilities may be provided for making rapid changes 
from one type of circuit to another, and for testing the 

13 (5664) 
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ratio of short trains of impulses such as are given by sub- 
scribers’ dials. In this case it is desirable to arrange by 
means of slow relays that, prior to the test, the milUam- 
meter shall give a reading equal to the ratio which is ex- 
pected from the dial. Then, when the impulses commence. 



Fig. 78, Disc Ratio Testbb 


the needle of the dial has less distance to travel than it 
would have if the initial reading were either 100 per cent 
or 0 and, as a result, a steady reading is reached more 
rapidly. In fact, the most accurate method of measuring 
dial ratio is by varying this initial reading of the milli- 
ammeter during the test until there is no movement at all 
when the impulses are received. 

Disc Ratio Tester. 

This instrument, made by Messrs. Siemens Bros, and 
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shown in Fig. 78, can he used only for the measurement of 
the impulse ratio of dials when removed from working 
circuits. Thus its application is limited as compared with 
the previous ratio testers, but it has the advantage of 
extreme simplicity. The dial to be tested is mounted cen- 
trally on the underside of the vertical cross bar, w^hich is 
hinged for this purpose, and, when the cross bar is in the 
normal position as shown, the dial faces downwards, leaving 
only the mechanism visible The jfinger hole 0 (correspond- 
ing to 10 impulses) engages with a pin on the large disc, 
which is pivoted at the centre, and, therefore, the dial can 
be operated by rotating the disc. The make and break of 
the impulsing contacts of the dial is indicated by a small 
lamp wired to springs which engage with the dial terminals, 
and it is therefore possible to check that the makes and 
breaks occur at the correct points when the disc, together 
with the dial finger plate, is rotated ; the disc is calibrated 
in relation to a pointer at the top of the cross bar for this 
purpose. It is necessary to restrain the dial so that it sends 
out impulses at a very low frequency while the measure- 
ments are being made, and, therefore, slight errors may 
occur owing to the absence of inertia effects which are 
present in the dial mechanism when running at normal 
frequencies. The disc tester is particularly useful, however, 
for detecting variations of ratio among individual impulses. 

Clockwork Impulse Frequency Tester. 

This instrument, which is made by the Automatic Tele- 
phone Manufacturing Co., Ltd, consists of a clockwork 
escapement mechamsm and an impulse counting swntch, 
the whole being enclosed in a case only 8 in. .< 4m. y 3 in. 
(Fig. 79). To re-set the instrument ready for a test, the 
handle shown is rotated anti-clockwnse through ^ 180^, 
thei*eby returning the pointers to the starting position at 
the left-hand side. As the impulses are received, they are 
counted by means of a magnet which actuates a ratchet 
wheel, and attached to this wheel is a pointer in the form 
of a ring, which travels over the upper scale to show the 
number of impulses received. At the beginning of the first 
impulse the clockwork mechanism is started, causing a 
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second pointer to move across the lower scale at a uniform 
speed, and when the "‘ring” pointer reaches the tenth 
position, the movement of the clockwork mechanism is 
stopped. Thus the distance travelled by the pointer over 
the lower scale during the transmission of the 10 impulses 
is a measure of the impulse frequency, and the lower scale 
is calibrated accordingly. It is essential, however, that only 
10 impulses shall be transmitted, and, therefore, although 




O 


Fig, 79 Clockwork Iivipulse Frequency Tester 


this tester is suitable for measurement of dial frequency, 
it cannot be used for impulse machines which give con- 
tinuous impulses unless special arrangements are made for 
the selection of 10 impulses only. If the number sent is 
other than 10, the clockwork mechanism is not arrested, and, 
therefore, the pointer moves over to the end of the scale, 
but the “ring” pointer on the upper scale shows the actual 
number of impulses received, in order that the observer 
may see what fault has occurred. 
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Pendulum Frequency Tester. 

The essential part of this tester, which is manufactured 
by Messrs. Siemens Bros., is a pendulum which has a fixed 
time of swing (Fig. 80). It is released from its resting 
position at the commencement of the train of impulses. 


Fig. 80 , Pendulitm roB Imptilse Frequency Testing 

and the impulse frequency is determined by the number of 
impulses received during the period of swing. This is the 
reverse of the action of the A.T.M clockwork tester de- 
scribed previously, which measured the time taken for a 
fixed number of impulses, 

• The counting of the impulses is effected by means of an 
assembly of relays, uniselectors, keys, lamps, etc., in a 
circuit which is shown in Fig. 81. It will be noted on 
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that circuit diagram that the controls are multipled to a 
number of test desks, but that the main portion of the 
tester, together with the pendulum, is a single unit common 
to the exchange. A detailed account of the circuit opera- 
tion is unnecessary, but the general method of operation is 
described briefly below. 

To make frequency tests the key ‘'Dial Frequency and 
Impulses” is thrown. This connects the A relay to the 
test cord which contains the impulsing circuit to be tested. 
It also lights the “Pendulum Engaged” lamp at aU other 
test desks. On receipt of the first break impulse, relays 
F and jS operate and the “pendulum start magnet” releases 
the trigger which was previously restraining the pendulum. 
As soon as the pendulum moves, it opens the “Pendulum 
Contacts.” During the subsequent impulses the operation 
of contact A3 steps the two uniselector magnets £>M1 and 
DM2 alternately, so that every make and every break 
impulse is recorded separately until, finally, the pendulum 
completes its swing, re-closing the “Pendulum Contacts” 
and operating relay Q. Relay jS has now a new function in 
determining, by the positions of the C arcs of the tw’o 
uniselectors, whether a break impulse or a make impulse 
was the last to be received. According to the position of 
contact S4, therefore, one or other of the B arcs of the 
uniselectors is selected, and the corresponding wiper deter- 
mines which of the frequency indicating lamps is to be 
illuminated. These lamps are calibrated direct in "'im- 
pulses per second” from 14*7 down to 2-5. 

Other facilities provided are : (a) resettmg of the^ uni- 
selectors by means of a reset key releasing relay F, (6) 
disconnection of the indicating lamps until the end of the 
train of impulses by means of relay F ; and (c) counting of 
the number of impulses (from a dial, for example) by throw- 
ing the “Dial Impulses” key, thereby disconnecting the 
“Pendulum Contacts.” It will be noted that on the circuit 
illustrated, the lamps which indicate impulse frequencies 
outside the range of 8*6 to 11-B‘i.ps. are red, to indicate 
departure from a specified range. 
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“ jc indicates operate currents measured on low resistance winding for x operation only, the figure below being that 

on the other winding for full operation. ^ ^ , , , 

* Releasing lag measured at the x contact, as this is the more important. In all other cases the lags are 

measured at the contact nearest the armature. 
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X ’* indicates operate currents measured on low resistance wmdiiig for x operation only, the figure below being 
that on the other windmg for full operation. 


TDIE LAGS OF A T.M. TYPE RELAYS AED MAGNETS {cOlltd ) 
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APPENDIX II 


BBITISH STANDARD TERMS*** AND DEFINITIONS 
RELATING TO THE TEXT 


Term 

Automatic telephone 
system (machine - 
switching telephone 
system) 

Bank 


Battery dialling 


Break impulse . 

Busy 

Call indicator -working 


Circuit 


Coded call indicator 
working 


Dial 

Dialling . 


Dejimt%on 

A telephone system in which the callmg 
subscriber is enabled, without the aid of 
an operator, to complete a call through 
remotely controlled selectors. 

In automatic telephony : An assemblage of 
fixed contacts with which a wiper engages. 
Banks are usually multipled 

A system of diallmg which employs break 
impulses in an earth return circuit having 
the impulsing battery at the dial end. 
(See also Loop Diallmg ) 

An impulse in which the change consists in 
interruptmg a current. 

The condition of a line or a piece of appa- 
ratus when it is m use. 

A method whereby calls are passed to a 
manual exchange by dialling or equiva- 
lent means and the n-omber required is 
displayed (by illummated numbers or 
other means) m front of the operator at 
that manual exchange 

A path in which an electric current may flow. 
Strictly speakmg, a circuit is a complete 
circulating path, but the term is com- 
monly employed to designate (a) a specific 
part of a complete path, and (6) an aggre- 
gation of paths 

Call mdicator workmg is said to be “coded” 
when the step-by-step impulses are stored 
in , and subsequently discharged, m coded 
form, from a coder or its eqmvalent. 

A calling device arranged in the form of a 
rotatable disc. 

In automatic telephony : The act of apply- 
ing impulses to a circuit by means of a 
dial. 


* Abstracted by permission of tho British Engmeering Standards 
Association from British Standard Specification No 204 (1930), 
“Terms and Definitions XJsed m Connection wnth Telegraphs and 
Telephones,” official copies of which can bo obtained from the 
Secretary of the Association, 28 Victoria Street, London, S.W.l. 
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Tertn 

Director . 

Director system 


Final selector . 
Free 

Group selector , 

Homing action 

Hunting action. 

Impulse . 

Impiilse action 

Impulse frequency 


IN AUTOMATIC TELEPHONY 
Definition 

In a director system : The apparatus which 
receives and re-transmits the called sub- 
scriber’s number, translating the code 
portion. 

A system of step-by-step automatic tele- 
phony, for use in large multi -exchange 
areas, which permits the trunking between 

' exchanges in the area to be independent 
of the subscribers’ numbers. In this sys- 
tem the subscribc'r’s number mcludes let- 
ters or figures, which constitute a code for 
the exchange to which he is connected 
This code, together with the remaining or 
numerical portion of the called sub- 
scriber’s number, when dialled, is received 
and stored on apparatus termed the 
^‘director.” The director translates the 
code into one or more trains of digits, 
which are made effective on code selectors 
to connect the caller to the required ex- 
change. The numerical portion is not 
translated, bub is transmitted to numer- 
ical selectors and final selectors. 

A selector which establishes connection with 
the called subscriber’s line. 

The disengaged condition of a circuit or 
apparatus. 

A selector which selects a group of trunks by 
impulse action and subsequently selects 
an idle trunk in the group by hunting 
action. 

In automatic telephony: The automatic 
operation of a imiselector in returning 
the wipers to their normal or “home” 
position when the uniselector has been 
released. 

The automatic operation of a selector or 
similar device in movmg the wipers to 
their position of contact with a free 
outlet, 

A brief change of current produced in a 
circuit. 

The operation of a selector or other similar 
device in findmg, by means of electrical 
impulses, a called line or groiip of links 
or lines. Impulse action is predetermined 
by a calling device 

The number of impulses per second in a 
tram or group of regularly recurring 
impulses. 
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Term 

Impulse period 

Impulse ratio . 
Incoming . 


Induction coil . 


Jack 


Level 


Line 

Loop diallmg 

Make impulse 
Minimum pause 

Negative wire . 

Outgomg 


Definition 

. The time between the corresponding 
points of two successive impulses m a 
tram or group of regularly recurring 
impulses. 

. The ratio of duration of an impulse to its 
impulse period 

A term used to mdicate the direction of 
traffic in a circuit. Thus, an incommg 
jimction in an exchange is a junction 
carrying traffic to that exchange from 
another exchange. Similarly, in an auto- 
matic selector, the incoming path is the 
path by which traffic enters the selector. 

In telephony : A transformer, usually with 
open magnetic circuit, suitable for de- 
veloping voltages in its secondary coil 
which vary m polarity and strength with 
the rise and fall of a imi-directional 
current in the primary coil. 

, In telephony : A device used generally for 
termmatmg the permanent wirmg of a 
circuit, access to which is obtamed by the 
msertion into the jack of a plug usually 
connected to a cord. 

. The rows of contacts of a selector bank 
wluch are selected by impulse or hunting 
action and along which the wipers aie 
moved by impulse and/or hunting and/or 
findmg action 

. The portion of a circuit that is external to 
the premises housing the apparatus. 

A system of dialling which makes Ube of 
break impulses in a loop circuit (See also 
Battery Biallmg ) 

. An impulse m which the change consists in 
starting a current. 

, An mterval introduced into the operation 
of a dial in order to give the selectors 
time to complete their hunting. 

. In automatic telephony: That wire of a 
circuit within an exchange which, when it 
IS free, is connected to the negative jiole 
of the battery. 

A term used to indicate the direction of 
traffic in a circuit. Thus, an outgomg 
junction at an exchange is a junction 
carrying traffic from that exchange to 
another exchange. Similarly, m an auto- 
matic selector, the outgoing path is the 
path by which traffic leaves the selector. 
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Term 

P-wire (Private) 

Plug 

Polarized relay 

Positive wire 

Private branch, ex- 
change (P B.X.) 

Private exchange (P.X 

Belay 
Relay-sot . 

Repeater . 

Repeating coil . 
Routiner . 

Selector . 

Shunt field relay 


Definition 

The wire which controls the guarding, hold- 
ing, and normally the releasmg of auto- 
matic switches. 

In telephony: a device usually connected 
to the conductors of a flexible cord and 
used to make connection with a jack. 

A relay, the operation of which depends 
upon the direction as well as upon the 
magnitude of the current m the con- 
trollmg circuit. 

In automatic telephony: That wire of a 
circuit within an exchange which, when it 
IS free, is connected to the positive pole 
of the battery. 

An exchange which is usually installed on 
the premises of a subscriber and which is 
connected to a public exchange. 

An exchange which serves a business or 
other organization and is not connected 
to a public exchange. 

An electrically operated device for opening 
and closing circuits. 

An assembly of relays, with or without as- 
sociated condensers and/or coils mounted 
on a single plate and wired to a plug. 

A device whereby currents received over 
one circuit are automatically repeated 
m another circuit or circuits, generally 
in an amplified form. 

A special form of transformer used in 
telephone practice; ordmarily of unity 
ratio. 

In automatic telephony: An equipment 
for testing apparatus or circuits auto- 
matically. 

An automatic switching device serving to 
select a particular contact or contacts by 
impulse and/or hunting and/or finding 
action. 

A relay with two windings and a closed 
magnetic circuit. Noimally the direction 
of the current in the windings confines 
the magnetic flux to the closed magnetic 
circuit, but when the current is reversed 
in one windmg the flux is caused to take a 
shunt path which eflects the operation of 
the relay. 
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Term Definition 

Standard cable . An arbitrary uniform line in terms of which 

the attenuation of a Im© or network may 
be specified The standard cable used in 
Great Britam for telephone measure- 
ments is characterized by the following 
constants — 

Per loop mile 

Resistance . . 88 ohms 

Capacity . . . 0*054 

Inductance . . 0*001 henry 

Leakance . . 1 jwmho 

(This standard is now obsolescent.) 

Step-by-step auto- A system m which the individual selectors 
matic system are actuated step-by-step by their own 

driving mechanism operated by impulses 
controllmg electro -magnetic ratchet and 
pawl devices 

Subscriber’s line . The line between a subscriber’s station and 

an exchange. 

Test jack . . A jack interposed in a circmt to facilitate 

routine testmg and the localization of 
faults. 

Twin contacts . . Duplicate contact points used on contact 

springs 

Two-step relay . A relay with two groups of contact springs, 

on© group of which is operated by an 
initial small magnetic fiux and both 
groups by a subsequent greater magnetic 
flux. The first group is said to be x 
operated. (See also x operation.) 

Unguarded interval . A period (usually a fractional part of a 

second) within which selection of an out- 
let can be mad© and coimection follow, 
resultmg m irregular operation through 
no fault m the circuit or selectmg appa- 
ratus or agency, but because the occur- 
rence of such period is mherent in the 
apparatus. 

Uniselector . A selector havmg unidirectional motion. 

Wiper . . . That portion of the movmg member of a 

selector or other similar device which 
engages with the contacts of a bank. 

X operation . . The advance operation of a group of relay 

contacts. This may be effected as in a 
two-step relay {q.v,\ by a double motion 
of the armature, and/or by the relative 
adtiistment o£^,th© various groups of 
^fonfiactSr 
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“A” HELAv, 24, 112 
A.T.M. auto -type relay, 12 
Adjustment charts, A.T M., 19, 
42, 97 

, Siemens, 11, 29, 97 

, current, 98 

, gauging, 28, 29, 41 

, impulsing relay, 117, 124, 

135 

, tension gauge, 39 

tools, 47 

Air-gap, heel, 9, 16, 118, 87 

, hinge, 8, 13, 47, 55, 118 

(see also Residual) 

Alarm relays, delayed, 76, 83 
Alternating current relay, 71 
Ampere -turn adjustment, 88 
Annealing, 6, 16 
Arcing at contacts (see Spark 
quench) 

Armature (see sub-headings) 

end slugs, 21, 65 

Artificial cable, 132 
Assembly, contact, 5, 8, 12, 14, 
45 

“B” RELAY, 24, 57, 111, 112, 
127, 136 

Back contacts (see Break con- 
tacts) 

stop, armature, 3, 5, 14, 33 

Balanced windings, 59, 117, 138 
Ballistic galvanometer timing 
sets, 152 

Basic ampere-turns, 88 
Battery impulsing, 141 
Bell tinkling, 115 
Bias spring, 9 
BM (see Break-make) 

BMbB (see Make-be£ore-break) 
Bounce, elimination of, 30, 32, 
89 

, examples of, 34, 118, 140, 

146 

Break contacts, 20, 27, 43 


Break-make contacts, 29 
Buffers, 9, 31, 40, 69 
(see also Back-stop) 

“C” RELAY, 24, 112, 127, 136 
Cable, effect of, 132 
Carriage, armature, 8 
Centre-cheek coil, 15, 117 
Change-over contacts (see Break- 
make) 

time, 118 

Chattering (see Bounce) 
Chronometer, phonic, 150 
Circuit di^Lgrams, 20 
Class of springs, 46 
Clearance, contact, 40, 46 

, pip, 41, 44 

Clock-controlled relay, 77 
Clockwork impulse tester, 171 
Coherer effect, 36 
Coi] construction, 11. 18 

, heating of. 111 

resistance limits, 97 

tag lettering, 11, 18, 26 

Commutator for timing, 158 
Compensating resistance, 140 
Condenser bridge for timing, 160 

, dial, 114, 122 

, transmission, 133, 136 

Contact cleaner, 51 
Contacts, 5, 20, 33, 80 
(see also Sub-titles) 
Conventions for coils, 20, 59, 84 

for contacts, 20 

Corrosion of windings, 10 
Coslettizmg, 9 
Cost of relays, 2, 33, 70 
Current adjustment, 98 
Cut-off relay, 59, 68 

“D"’ RELAY, 24, 63, 133, 136 
Dashpot relay, 76 
Definitions, 20, 98, 181 
Delayed alarm relays, 76, 83 
Demagnetization, 99 
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Design of relays, 86 
Diagrams, circuit, 20 

, target, 125 

Dial, 112 

condenser, 114, 122 

Dimensions of contacts, 34 

of relays, 2, 5, 12, 14, 16, 

70 

Dirty contacts (see Faults) 

Disc ratio tester, 170 
Dome contacts, 34 
Double connection, 106 

contact springs, 29 

dog, 73 

make contacts, 30 

Duckbill pliers, 50 

“E” BELAY, 24 
Earth potential difference, 142 
Eddy currents, 52, 111 
Electrostatic relay, 1 

voltmeter for timing, 153 

Ericsson relay, 13 
Examples of calculations, 89, 92 
Extension telephone, 133 

“F” RELAY, 24, 58 
Fast relays, 52, 60, 70 
Faults, contact, 2, 5, 8, 30, 33, 
40, 51 

, selector, 127, 136 

, spring, 50 

Figure ot merit (see Operate cur- 
rent) 

Final selector, 17, 20, 58, 133, 
136 

Finish, protective, 9, 16, 87 
First impulse, distortion of, 121 
Flat-type relay, 70 
Flux (see Magnetic) 

Follow of springs, 29, 39, 84 
Frequency, impulse, 116, 120, 
124, 171 

Front contact (see Make contact) 
stop, 31, 129 

“G-’’ RELAY, 241 
G.E.C. relay, 6 
Gauging adjustment, 41 
Gravity control, 3, 71, 77, 82 
Guide resistance, 101 


“H” RELAY, 24 
Heating of relays, 99, 111, 141 
Heavy currents, 33, 80 
Heel air-gaps, 9, 16, 87, 118 

piece, 15 (see also Yoke) 

slug, 21, 53 

High impedance relay, 60, 136 
Hinge air-gap, 6, 13, 47, 55, 118 
Hold current, 99 
Hunting speed, 35, 75, 76 

“T” RELAY, 60, 136 
Impedence of relays, impulsing, 
59, 117, 138 

, mckel-iron, 60, 136 

, slugged, 53, 103 

Impulse ratio (see Ratio) 

repetition, 117, 136 

speed (see Frequency) 

Impulses, generation of, 67, 112, 
115, 127, 158 
Impulsing, battery, 141 
, loop, 112 

relays, adjustment, 46, 117 

124, 135 

, requirements of, 115 

135 

, springs, 32, 34, 118 

, reverted, 143 

Induced voltage on lines, 60, 115 
Inductive energy, 36 
Inertia of armatures, 53, 72 

effect (pulse operation), 

105 

Insulating wedge for contacts, 51 
Insulation of lines, 115, 116, 120, 
132, 142 

of relays from mounting, 

10, 16 

of springs, 9, 14 

of windings, 18 

Interference, magnetic, 3, 111 
Interlocking relays, 68 
Isenthal relay, 81 
Isthmus armatures, 119 

Junctions, 116, 136, 141 

“K” RELAY, 59, 68, 106 
Knife-edge armatures, 4, 6 
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"‘L” RELAY, 68, 141 
Lag (see Time) 

Leak on lines, effect of, 120, 132, 
142 

, limits of, 116 

Leakage flux, 3, 53, 56, 111, 90 
Lettering of coil tags, 11, 19, 26, 
98 

of relays, 25, 98 

Leverage ot armatures, A.T.M., 
14, 41, 45, 47, 55, 
110 

, Siemens, 9, 47 

Life of contacts, 34, 81 
Lifting pm (Siemens), 8, 41 
Line and cut-off relay (A.T M.), 
68 

Locking coil, 28, 58 

Loop impulsing circuit, 112, 136 

resistance, compensation, 

140 

, effect of, 119, 132, 

142 

, limits of, 116, 141 

MbB (see Make-before-Break) 
Magnetic circuit, 1, 6, 13, 52, 86, 
111 

interference, 3, 111 (see 

also Air-gap) 

Magnet, selector, 73, 112 

, performance of, 125 

, spark quenching, 34, 

38 

, uniselector, 76 

Maintenance (see Adjustments; 
Faults) 

Make contacts, 20, 27 
Make-before-break contact, 21, 
29, 45, 90 

, bounce of, 33 

, impulsing, 118 

Manual type relays, 2 
Marginal relay, 65 
Measurement of time lags, 144 
Mercury contacts, 81 
Metal rectifiers, use of, 72 
Metroscope, 162 
Milliammeter ratio tester, 167 
Millisecond meter, 154 
Motor-start relay, 80 


Mounting of relays, 10, 16, 98, 
111 

Moving coil relay, 83 

spring, 8, 14 , 20 

Multi-contact relay, 5 

“N” SPRINGS, 75, 114 
“NR” springs, 75 
Neon relay, 1 
Nickel -iron relay, 60, 136 
Nickel plating, 9, 16, 87 (see 
also Air-gaps, Wear) 

silver springs, 5, 8, 13 (see 

also Pile, spring) 
Non-inductive winding, 18 
Non-operate current, 43, 58, 100 
Normal post springs, 76 
Notched springs, 33 
Numbering of contacts, 27, 97 

Off -NORMAL contacts, 75, 112 
114 

Open period, 106 
Opening, contact, 40, 46 
Operate current, 40, 88, 97, 100 

, marginal, 65, 135 

Operating time, 52, 55, 61, 77, 
102, 117, 177 

, pulse, 105, 128, 159 

Optical method of timing lelays, 
162 

Oscillations, condenser (see 
Surges) 

Oscillograms, 123, 139, 146 
Oscillograph, 144 
Overhead lines, 142 

P.G.S. CONTACTS, 33, 38 
Packet, spring (see Pile) 
Parallel, relays in, 57, 110 
Peel Conner relay, 6 
Pendulum impulse frequency 
tester, 173 
relay, 66 

Percentage make (see Ratio) 
Perforated armatures, 119 
Performance of selectors, 112, 
125 

Permanent magnets, 64, 72, 78 
Permeability, 60, 86, 111 
Phonic chronometer, 150 
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Phosphor-bronze springs, 9, 12 
Pile, spring, 5, 8, 12, 14, 45, 89 

buffers m, 9, 31, 40, 

69 

, tools for, 47 

Pm type armature, 8, 13, 118 
Pip clearance, 41, 44 

and plate contacts, 34 

Platmg, protective, 9, 16, 87 
Platinum contacts, 33, 38 
Platit contacts, 33 
Pliers for spring adjustment, 
49 

Polarized relays, 63, 78 
Polarity of contacts, 34 
Pole piece, 5, 9, 63 

, wear of, 55, 110, 135 

Potential, earth difference, 142 

^induced on line, 60, 115 

Power Equipment Co.’s relay, 
80 

Pressure, contact, 3, 39 

, effect of buffers, 31 

of gauging, 43 

on bounce, 32, 

89 

on wear, 35 

, minimum, 40, 89 

, on break contacts, 43 

, onMbB contacts, 31, 

33 

, on magnet contacts, 

35 

, on twin contacts, 31 

, spring, effect of heating, 

111 

on operate cur- 
rent, 40, 88 

on slow relays, 55 

Private wire, 106 
Protective fimsh, 9, 16, 87 
Pulse-operated relay, 83 
Pulse-operatmg time, 105, 128, 
159 

Push-button control, 83 

Quenoh, spark, 36 

“R” MAONET (see Selector) 
R.A.T, Co.’s relay, 11, 83 
Ratchet relay, 77 


Ratio of armatures (see Lever- 
age) 

, impulse, distortion, 121 

, limits of, 116 

, measurement of, 167 

Readjust current, 100 
Recording timing instruments, 
144, 149 

Relay (see Sub -headings) 
Release current, 10, 55, 90, 99, 
109, 110 (see also Residual) 

magnet, 38, 73, 114 

Releasing time, 53, 57, 61, 108, 
117, 128, 177 
Repeating coil bridge, 133 
Repetition, impulse, 136 
Representation of relays, 20, 59, 
84 

Requirements of relays, 2 
Residual (air-gap), gauging of, 
46 

, need for, 9 

on fast relays, 10, 11, 

15, 69 

on impulsing relays, 

118, 135 

on slow relays, 55 

magnetism, 10, 118 

screw, wear by, 55, 110, 

135 

Resistance, line (see Loop ; Leak) 

of coils, 97 

of contacts, 35 

Retards, 60 

Reverted impulsing, 143 
Rigid contacts, 3, 79 

, bounce of, 32 

, tension gauging of, 

39 

Ringing trip relay, 57 
Riveting of contacts, 34 
Rocker armatures on relays, 5, 
11, 13, 73 

Rotary magnet (see Selector) 

off -normal springs, 75 

Routiner, 25, 165 
Rub of contacts, 41 

S. T. & C. RELAY, 13, 71, 72 
Sandwiched winding, 11 
Saturate current, 88, 98, 109 
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Saturation, impulsing effects, 
119, 121 

- — - with isthmus arma- 

ture, 119 

Schematic circuit diagrams, 27, 
59, 62, 113, 137, 157, 174 
Selector magnets, 38, 73 

operation, 74, 112 

performance, 125 

relay mounting, 10, 16, 98, 

111 

spark quench, 34, 38 

Self-drive, 35, 74 

-protective windings, 99, 

111 

Semi-detached contact diagram, 
27, 59, 62, 113, 137, 157, 174 
Sensitivity (see Operate curient) 
Shape of contacts, 34 
Shell type relay, 2 
Sherardizing, 16 
Short circuited winding, 57, 104, 
110 

Shunted winding as spark 
quench, 38 

, effect on timing, 67, 

105, 110, 142 

Shimt-field relay, 46, 63, 136 
Shutter for timing relays, 162 
Side-mounting of relays, 8, 16 
Siemens relay, 6, 81 
Silver contacts, 3, 33 
Sleeves, copper, 21, 57, 58 

, nickel -iron, 60 

Slow operating relay, slugged, 
21, 55, 58, 102 

^ alarm, 76, 83 

releasing relays, 21, 53, 57, 

108, 127 

Slug, armature end, 21, 55, 58 

, effect on impedance, 53 

, heel, 21, 53 

Solenoid relay, 76, 80 
Space, relay winding, 4, 71, 92 

requirements of relays, 2, 

70 

Spark quench, 36, 115, 142 
Speech current, coherer effect, 36 

, impedance to, 60, 

136 

relay, 72 


Speed, impulse (see Frequency) 
Spools (see Coil) 

Spring capacity, 6, 8, 12, 18 

load (see Pressure) 

Standard “B” telegraph relav. 
78 

cable, 132 

Start relay, motor, SO 
Stone transmission bridge, 133 
Stop pm (see Residual) 

Stray flux, 3, 1 1 1 
Stroke (see Travel) 

Stroking of springs, 50 
Subscriber’s telephone circuit, 
58, 68, 114, 133 
Sub -station relay, 81 
Surges, dial condenser, 122 

, ringing current, 58 

, transmission bridge, 136 

Tag lettering of coils, 11, 19, 26, 
98 

Target diagram, 125 
Telegraph relay, 78 
Telephone instrument circuit, 
58, 68, 114, 133 
Tension gauge, 39 

spring (see Pressuie) 

Terms, B.Jil.S.A., 181 
Test current, 58, 100 

points, 101 

Tester for frequency, 171 

impulse ratio, 167 

relay timing, 144 

Thermostat relay, 12, 83 
Thickness gauge, broad bladed, 
41 

, narrow bladed, 47 

, wire type, 46 

of springs, A.T.M. type, 

32, 46, 90 

, Siemens type, 40, 90 

Time check relay, 77 

graph, 106 

lags, typical, 177 

, operating, 52, 55, 61, 77, 

102, 117 

, releasing, 53, 57, 61, 108, 

117, 128 

Tolerances on current adjust- 
ments, 65, 100, 135 
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Toloranees on gauging, 47, 135 

on resistance, 97 

on time lags, 105, 110 

Tones, generation of, 68 
Tools, adjustment, 47 
Torpedo relaj^ 2 
Touch-operate current, 100 
Transmission bridge, 133, 136 
Travel, armature, 3, 30, 40, 71, 
118 (see also Back 
stop; Leverage) 

time (transit time), 103, 

108, 118, 147 

Travelling spring, 8, 14, 20 
Tungsten contacts, 33, 38, 81 
Twin contacts, 30 
Two-step relay, 28, 46, 62 

Underground cable, 132 
Unguarded interval, 106 
Uniselector, construction, 76 

method of timing relays, 

165 

spark quench, 34, 38 

, subscriber’s circuit, 58, 68 

, unguarded intervals, 106 

“V” MAGNET (see Selector mag- 
net) 

Vacuum tube relay, 1 
Valve relay, thermionic, 1 
Variable intenupter timing 
method, 158 


Vertical magnet (see Selector) 
Vibration of relays, 110 

of springs (see Bounce) 

Voice-frequency relay, 72 
Voltage, battery, eftect of, 134 
, limits of, 116 

Wave form, impulsing, 123, 130 
(see also Surges) 

Wear of aimature pivot, 42 

of contacts, 35, 37 

by residual screw, 55, 110, 

135 

Wedge for insulating contacts, 
51 

Welding of contacts (faults), 37, 
115, 142 

(mounting), 34 

Western Electric auto relay, 13 
Weston Elec Inst Co ’s relay, 83 
Winding (see Coil) 

data, 92 

space, 4, 71, 91 

Wipe of contacts, 41 
Wire-type thickness gauge, 46 
Wiring diagram, 27 

“X” CONTACT, 27, 58, 82, 108 

‘‘Y” CONTACT, 28 
Yoke, 4, 6, 11, 14 

“Z” MAGNET, 38, 73, 114 
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Fuel Oils and Their Applications. By H. V Mitchell, 

F C S 5 0 

Mechanical Engineering Detail Tables By John P 

Ross ...... ... 7 6 

Mechanical Engineers’ Pocket Book, Whittaker’s Third 
Edition, entirely rewritten and edited by W E Dommett, 

A F Ae S., A M I.A.E 12 6 

Mechanics* and Draughtsmen’s Pocket Book By W. E. 

Dommett, 'Wh Ex , A M.I.A E, . . . . .26 

Mechanics for Engineering Students. By G W Bird, 

B.Sc , A M I Mech,E 5 0 


Mollier Steam Tables and Diagrams, The Extended to the 
Critical Pressure. English Edition adapted and amplified 
from the Third German Edition by H. Moss, D,Sc , A.R C.S , 

D.I.C 7 6 

Mollier Steam Diagrams. Separately m envelope . .20 


5 0 

15 0 
10 6 

7 6 

15 0 
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Mechanical Engineering — contd. 

Motive Power Engineering For Students of Mining and 
Mechanical Engineering Ky Henry C Harris, B Sc 
Steam Condensing Plant By John Evans. M En" , 
AMIMechE ... . . . . 

Steam Plant, The Care and Maintenance oe A Practical 
Manual for Steam Plant Engineers By T E Braham, B Sc . 
A C G I . . . . . 

Steam Turbine Theory and Practice By W J Kearton, 
A M I M E Second Edition 

Strength of Materials By F V Warnock, Ph D , B Sc. 

(Bond ), F.R C Sc I . A M I Mech E . . . . 

Theory of Machines By Louis Toft, M Sc Tech , and A T J 
Kersey, B Sc , . .... 

Thermodynamics, Applied. By Prof W. Robinson, ME, 

M Inst C E . 

Turbo-Blowers and Compressors By W. j Kearton, 
AMIME . . . . . 

Workshop Practice Edited by E A Atkins, M I Mech E , 

M I.W.E. In eight volumes .... Each 

aeronautics, etc. 

Aerobatics By Major O Stewart, M C A F C . 
Aeronautics, Definitions and Formulae for Students 
B y J D Frier, ARCSc,DIC 
Aeronautics, Elementary ; or. The Science and Practice 
OF Aerial Machines By A P Thurston, D Sc Second 
Edition ...... 

Aeroplane Design and Construction, Elementary Prin- 
ciples OF By A W. Judge, ARCS, Wh Ex , A M I A E 
Aeroplane Structural Design By T H Jones, B Sc , 
A M I E E , and J D Frier, A R C Sc , D I C 
Aircraft, Modern By Major V W Page, Air Corps Reserve, 
USA . . . . 

” Airmen or Noahs ” * Fair Play for Our Airmen B}’- Rear- 
Admiral Murray F Sueter, C B , R N , M P 
Airship, The Rigid By E H Lewitt, B Sc , M I Ae E 
Aviation . From the Ground Up By Lieut G B Manl}" . 
Learning to Fly By F A. Swoffer, M B E With a Foreword 
by Air Vice-Marshal Sir Sefton Brancker, K C B , A F C . 
Parachutes for Airmen By Charles Dixon 
Pilot's “ A " Licence Compiled by John F Leeming, Royal 
A ero Club Observer for Pilot* s Certificates Third Edition . 

MARINE ENGINEERING 

Marine Engineering, Definitions and Formulae for Stu- 
dents By E Wood, B Sc . .... 

Marine Screw Propellers, Detail Design of. By Douglas 
H Jackson, M I Mar.E , A M I N A 

2 


s. d 

10 6 

7 6 

5 0 

15 0 

12 6 
12 6 
18 0 
21 0 

6 0 

5 0 
- 6 

8 6 

7 6 

21 0 

21 0 

25 0 

30 0 
15 0 

7 6 

7 6 

3 6 

- 6 

6 0 
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MOTOR ENGINEERING s d 

Automobile and Aircraft Engines By A W Judge, 

A E C S , A M I A E. Second Edition . . . 30 0 

Carburettor Handbook, The By E. W Knott, A M I A E 10 6 

Coil Ignition for Motor-cars By C. Sylvester, A M I E E , 

AMIMechE , 10 6 

Gas and Oil Engine Operation. By J Okill, M I A E . 5 0 

Gas Engine Troubles and Installation, with Trouble 

Chart By John B Rathbun. ME . . ^ .26 

Gas, Oil, and Petrol Engines Bv A Garrard, Wh Kv 6 0 

Magneto and Electric Ignition By W Hibbert, A M I.E E 3 6 

Motor Truck and Automobile Motors and Mechanism By 
T H Russell, A,M , M E , with numerous Revisions and 
Extensions by John Rathbun .... 26 

Thornycroft, The Book of the. By “ Auriga . .26 

Motor-Cyclist’s Library, The. Each volume m this senes 
deals with a particular type of motor-cycle from the point 
of view of the ownor-driver .... Each 2 0 


A J S , The Book of the By W C Hay craft Second 
Edition 

Ariel, The Book of the By G S Davison Second 
Edition 

B S A , The Book of the. By “ Waysider ” Third 
Edition 

Douglas, The Book of the By E W. Knott Second 
Edition 

Imperial, Book of the New By F J. Camm 
Motor-cycling for Women By Betty and Nancy 
Debenham With a Foreword by Major H R Watling 
P AND M , The Book of the By W C Haycraft 
Raleigh Handbook, The By ** Mentor ” Second 
Edition 

Royal Enfield, The Book of the By R E Ryder 
Rudge, The Book of the By L H Cade 
Triumph, The Book of the. By E T Brown 
ViLLiERs Engine, Book of the By C Grange 
Motorists^ Library, The Each volume m this senes deals 
with a particular make of motor-car from the point of view 
of the owner-driver. The functions of the various paits of 
the car are descnbed in non-techmcal language, and driving 
repairs, legal aspects, insurance, tounng, equipment, etc., all 
receive attention 

Austin Twelve, The Book of the By B Garbutt and 
R. Twelvetrees. Illustrated by H M Bateman Second 


Edition 5 0 

Singer Junior, Book of the By G. S Davison . 2 6 

Standard Car, The Book of the By Pioneer ” . 6 0 

Clyno Car, The Book of the By E T Brown . 3 6 


Motorist’s Electrical Guide, The. By A H Avery, 
A.M.I.E E 


3 6 
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OPTICS AND PHOTOGRAPHY s d 

Amateur Cinematography. By Capt O Wheeler, F R P S . 6 0 

Applied Optics, Introduction to Volume I General and 

Physiological. By L C Martin, DSc.ARCS.DlC 21 0 
Camera Lenses By A W Lockett . . 2 G 

Colour Photography By Capt O WTieeler, F R.P S. . . 12 6 

Commercial Photography By D Charles . . 5 0 

Complete Press Photographer, The By Bell R Bell . 6 0 

Lens Work for Amateurs By H Orforcl Fourth Edition 3 6 

Photographic Chemicals and Chemistry By T L J 

Bentley and J Southworth . .... 3 6 

Photographic Printing By R R Rawkins . .36 

Photography as a Business By A G Wilhs . . .50 

Photography Theory and Practice Edited by G. E Brown 35 0 

Retouching and Finishing for Photographers Bv J S 

Adamson . ... ...40 

Studio Portrait Lighting By H Lambert, FRPS , . 15 0 

ASTRONOMY 

Astronomy for Everybody By Professor Simon Newcomb, 

LL D With an Introduction by Sir Robert Ball . 5 0 

Astronomy, Pictorial By G F. Chambers, F R A S . 2,6 

Great Astronomers By Sir Robert Ball, D Sc , LL D , F R S 5 0 
High Heavens, In the By Sir Robert Ball . 5 0 

Rotation of the Earth, Planets, etc , The Cause of the. 

By Samuel Shields . . . . . 10 6 

Starry Realms, In By Sir Robert Ball, D Sc , LL D , F R S 5 0 

ILLUMINATING ENGINEERING 

Modern Illuminants and Illuminating Engineering By 
Leon Gaster and J S Dow Second Edition, Rei ised and 
Enlarged . ... . 25 0 

Electric Lighting in Factories and Workshops By Leon 

Gaster and J S. Dow ... . , ~ 6 

Electric Lighting in the Home By Leon Gaster . - 6 

ELECTRICAL ENGINEERING, ETC. 

Accumulator Charging, Maintenance, .and Rep.vir By 

W S Ibbetson, Second Edition . . . . .36 

Alternating Current Bridge Methods of Electrical 

Measurement ‘ By B Hague, D Sc Second Edition . 15 0 

Alternating Current Circuit By Philip Kemp, :m I E E . 2 6 

Alternating Current Machinery, Papers on the Design 
OF By C C. Hawkins, MA,MIEE,S P Smith, D Sc , 

M I E E and S Neville, B Sr . . . 21 0 

Alternating Current Power Measurement By G F Tagg 3 6 
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Electrical Engineering — contd. 


Alternating Current Work By W Pvirren Maycock, 5 d 
M I E E Second Edition ... . . 10 6 

Alternating Currents, The Theory and Practice of By 

A T Dover, M I E E Second Edition . . 18 0 

Armature Winding. Practical Direct Current By L 

Wolhson ......... 7 8 

Cables, High Voltage By P Dunsheath. O B E , M A , B Sc 

MIEE . . . . . . 10 6 

Continuous Current Dynamo Design, Elementary Prin- 
ciples OF By H M Hobart, M I C E . M I M E . M A I E E 10 6 

Continuous Current Motors and Control Apparatus By 

W Perren May cock, MIEE . . .76 

Definitions and Formulae for Students — Electrical By 

P Kemp, M Sc . M I E E - 6 

Definitions and Formulae for Students — Electrical In- 
stallation Work ByF Peake Sexton. A RCS.AMIEE - 6 
Direct Current Dynamo and Motor Faults By R M 

Archer ......... 7 6 

Direct Current Electrical Engineering, Elements of 

Bv H. F Trewman, M A , and C E Condlitfe, B Sc . 5 0 

Direct Current Electrical Engineering, Principles of 

By James R. Barr. A M I E E . . . .15 0 

Direct Current Machines, Performance and Design of 

By A. E Clayton. D Sc . M I E E . . . . 16 0 

Dynamo, The Its Theory, Design, and Manufacture By 
C C Hawkms, M A,, MIEE. In three volumes Sixth 
Edition — 

Volume I , . . 21 0 

.,11 15 0 

..III 30 0 

Dynamo, How to Manage the By A E Bottone Sixth 

Edition, Revised and Enlarged . . .20 

Electric and Magnetic Circuits — Alternating and 

Direct Current, The By E N. Pink, B Sc., A M T E E . 3 6 

Electric Bells and All About Them By S R Bottone 
Eighth Edition, thoroughly revised by C Sylvester, 
A.M.I.EE ..... 36 

Electric Circuit Theory and Calculations By W Perren 
May cock, MIEE Third Edition, Revised by Philip Kemp, 

M.Sc., M.I.E E., A A I E E . . . ' . 10 6 

Electjwc Light Fitting, Practical By F C Allsop. Tenth 

Edition, Revised and Enlarged . . . . .76 

Electric Lighting and Power Distribution By W 
Perren Maycock, MIEE. Ninth Edition, thoroughly 
Revised and Enlarged — 

Volume I . . 10 6 

II 10 6 

Electric Machines, Theory and Design of By F. Greedy, 

M.I.E.E . A.C G 1 30 0 




ELECTRICAL ENGINEERING— contd. 13 


Electric Motors and Control Systems. By A T Dover, 
M I E E , A Amer I E E , . 

Electric Motors (Direct Current): Their Theory and 
Construction By H M Hobart, M I E E , M Inst.C E., 
M Amer I E E Third Edibon, thoroughly Revised . 
Electric Motors (Polyphase) Their Theory and Con- 
struction. By H M Hobart, M Inst C E , M I E E , 
M Amer I E E Third Edition, thoroughly Revised . 
Electric Motors for Continuous and Alternating Cur- 
rents, A Small Book on By W Perren Maycock, 

M I E E 

Electric Traction By A. T Dover, M I E E , Assoc Amer. 

I E E Second Edition . . ... 

Electric Traction and Power Distribution, Examples in 

{In the Press) 

Electric Wiring Diagrams By W Perren Mavcock, 
MiEE . . . . . : . 

Electric Wiring, Fittings, Switches, and Lamps By W 
Perren Maycock, MIEE Sixth Edition. Revised by 
Philip Kemp, M Sc, MIEE 

Electric Wiring of Buildings By F C. Raphael 

MIEE . 

Electric Wiring Tables By W Perren Maycock, MIEE, 
and F C Raphael, MIEE Fifth Edition 
Electrical Condensers By Philip R Coursey, B Sc , 

F Inst P,AMIEE 

Electrical Educator By Sir Ambrose Fleming, M A , D Sc., 
F R S In two volumes . . ... 

Electrical Engineering, Classified Examples in. By S 
Gordon Monk, B Sc. (Eng ), A M I E E In two parts — 
Volume I Direct Current ..... 

„ II Alternating Current .... 
Electrical Engineering, Elementary By O R Randall, 
Ph D , B Sc , Wh Ex 

Electrical Engineer's Pocket Book, Whittaker's Origi- 
nated by Kenelm Edgcumbe, MIEE, AMICE Sixth 
Edition. Edited by R E Neale, B Sc (Hons ) 

Electrical Instrument Making for Amateurs Bv S R 
Bottone Ninth Edition . . ... 

Electrical Insulating Materials By A Monkhouse, Junr., 

M I E E , A M I Mech E 

Electrical Guides, Hawkins’. Each book in pocket size . 

1 Electricity, Magnetism, Induction, Experiments, 

Dynamos, Armatures, Windings 

2 Management of Dynamos, Motors, Instruments, 

Testing 

3 Wiring and Distribution Systems, Storage Bat- 

teries 

4. Alternating Currents and Alternators 

5. A.C Motors, Transformers, Converters, Rectifiers 


5 d, 

15 0 

15 0 

15 0 

6 0 
25 0 

5 0 

10 6 
10 6 
3 6 
37 6 
63 0 

2 6 
3 6 

5 0 

10 6 

6 0 

21 0 
5 0 
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s d. 

Electrical Guides — contd , 

6. A C Systems, Circuit Breakers, Measuring Instru- 
ments 

7 A C Wiring, Power Stations, Telephone Work 

8 Telegraph, Wireless, Bells, Lighting 

9 Railways, Motion Pictures, Automobiles, Ignition 
10 Modern Applications of Electricity Reference 


Index 

Electrical Machines, Practical Testing of By L Oulton, 

A M I.E E , and N. J Wilson, M I E E Second Edition . 6 0 

Electrical Technology By H Cotton, M B E , M Sc , 

AMI EE . 12 6 

Electrical Terms, A Dictionary of By S R Roget, M A , 

A MJnst.C E,AMIEE . . . , . 76 

Electrical Transmission and Distribution Edited by 

R. O. Kapp, B Sc. In eight volnmes Vols I to VII, each 6 0 

Vol. VIII .30 

Electrical Wiring and Contracting Edited by H Marryat, 

M I E E , M I Mech E In seven volumes . . Each 6 0 

Electro-Motors: How Made and How Used. By S R 
Bottone. Seventh Edition. Revised by C Sylvester, 

AM.LE.E .46 

Electro-Technics, Elements of By A P Young, QBE, 

M I.E.E 5 0 

Engineering Educator, Pitman's Edited by W, J Keartou, 

M.Eng , A.M I Mech E , A M Inst N A In three volumes . 63 0 

Induction Coils By G E Bonney Fifth Edition, thoroughly 

Revised ....... .60 

Induction Coil, Theory of the By E Taylor- Jones, D Sc , 

F.Inst.P. . . ...... 12 6 

Induction Motor, The By H Vickers, Ph.D , M Eng . 21 0 

Kinematography Projection. A Guide to By Cohn H 

Bennett, FCS,FRPS . . . . . 10 6 

Mercury-Ajrc Rectifiers and Mercury-Vapour Lamps By 

Sir Ambrose Fleming, M.A , D Sc , F R S. . . . 6 0 

Oscillographs By J. T Irwin, M I.E E . . . . 7 6 

Power Station Efficiency Control By John Bruce, 

AMIE.E . . . . . . . 12 6 

Power Wiring Diagrams. By A T. Dover, M I.E E , A Amer 

I.E.E. Second Edition, Revised ... ,60 

Practical Primary Cells By A. Mortimer Codd, F Ph S 5 0 

Railway Electrification. By H F Trewman, AM I. EE 21 0 

Steam Turbo - Alternators, The By L C Grant, 

AM I.E.E 15 0 

Storage Batteries. Theory, Manufacture, Care, and 

Application By M Arendt, EE. . . . . 18 0 

Storage Battery Practice By R Rankin, B Sc , M I E E 7 6 

Transformers for Single and Multiphase Currents By 


Dr Gisbert Kapp, M Inst C E., M I E E. Third Edition, 
Revised by R. O Kapp, B.Sc. . . . . . 


15 0 
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TELEGRAPHY, TELEPHONY, AND WIRELESS 

5. d 

All Europe ” Three/' The, By R Balbi, A.M I E E , 

AC.GI . . . , . . . . - 6 

Automatic Branch Exchanges, ^Private By R T A. 

Dennison . . . . * . . . . . 12 6 

Baud6t Printing Telegraph System By H W Pendry 

Second Edition . . .... 6 0 

Cable and Wireless Communications of the World, The 

By F. J. Brown, CB, CBE, MA, BSc. (Lond) . .76 

Crystal and One-Valve Circuits, Successful By J H 

Watkins . . . . . . . .36 

Loud Speakers By C M R Balbi, with a Foreword bv Pro- 
fessor G. W O. Howe, D.Sc.MIEE, AMIEE., ACGI 3 6 

Photoelectric Cells By Dr N I Campbell and Dorothy 

Ritchie . . . . . . . . . 15 0 

Radio Communication, Modern By J. Reyner. 2nd Ed . 5 0 

Telegraphy By T E Herbert, M I.E E Fifth Edition . 20 0 

Telegraphy, Elementary By H W Pendry Second 

Edition, Revised . , , . . . . .76 

Telephone H.andbook and Guide to the Telephonic 
Exchange, Practical By Joseph Poole, A jVI I E E 
(Wh Sc ) Seventh Edition . . . . . . 18 0 

Telephony By T E Herbert, M I E E . . .18 0 

Telephony Simplified, Automatic By C W Brown. 

A M.I E E,, Engineer-in-Chief s Departm&nt, G P.O , London 6 0 

Telephony, The Call Indicator System in Automatic By 

A. G Freestone, of the G P O . London . . . .60 

Telephony, The Director System of Automatic By W E 

Hudson, B.Sc Hons (London), Whit Sch , A C G I - 5 0 

Television To-day and To-morrow By Sydney A Moseley 
and H J Barton Chappie, Wn Sc , B Sc With a Fore- 
word by John L Baird . . . • . • .76 

Wireless Manual, The By Capt J Frost Second Edition 5 0 

Wireless Telegraphy and Telephony, Introduction to 

By Sir Ambrose Fleming . . . . .36 

MATHEMATICS AND Cz\LGULATIONS 
FOR ENGINEERS 

Algebr.\, Common-sense, for Juniors By F F Potter, M.A , 

B Sc , and J. W. Rogers, M Sc 

With Answers ........ 

Algebra, Test Papers in By A E Donkin, M A 

With Answers .... ... 

With Answers and Points Essential to Answers 
Alternating Currents, Arithmetic of Bv E H Crapper, 

M I E.E 

Calculus for Engineering Studenis By John Stoney, 

B. Sc., AMI Min.E 


3 0 
3 6 
2 0 
2 6 

3 6 

4 6 
3 6 
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Definitions and Formulae for Students — Practical s. d 

Mathematics By L Toft, M Sc . * . * . - 6 

Electrical Engineering, Whittaker’s Arithmetic of 

Third Edition, Revised and Enlarged . . . .36 

Electrical Measuring Instruments, Commercial By R M 

Archer, B Sc (Lond ), A R C Sc . M I E E. . . . 10 6 

Geometry, Elements of Practical Plane. By P. W Scott 2 6 

Also in Two Parts . . ... Each 1 0 

Geometry, Exercises in Building By Wilfred Chew . 1 6 

Geometry, Test Papers in By W E Paterson, M A , B Sc. 2 0 

Points Essential to Answers, Is. In one book . .30 

Graphic Statics, Elementary By J. T Wight. AMI Mech E 5 0 

Kilograms into Avoirdupois, Table for the Conversion 

OF Compiled by Redvers Elder On paper . . .10 

Logarithms for Beginners, By C. N. Pickworth, Wh Sc 

Fourth Edition ........ 1 6 

Logarithms, Five Figure, and Trigonometrical Functions 
B y W. E. Dommett, A M.I A E , and H C Hird, A F Ae S 
(Reprinted from Mathematical Tables) . . . .10 

Mathematical Tables. By W. E. Dommett, A M.I A E , and 

H. C Hird, AFAeS 46 

Mathematics and Drawing, Practical By Dalton Grange 2 6 

With Answers ... ..... 3 0 

Mathematics, Engineering, Application of By W. C. 

Bickley, M Sc. . . . . . , . .50 

Mathematics, Experimental. By G R Vine, B Sc — 

Book I, with Answers . . . . . . .14 

Book II, with Answers . . . ..14 

Mathematics for Engineers. Preliminary By W S 

Ibbetson, B Sc , A.M I E E , M I.Mar E . . . .36 

Mathematics for Technical Students By G. E Hall . 5 0 

Mathematics, Industrial (Preliminary), By G W String- 

fellow ..... .... 2 0 

With Answers . , . . . . . .26 

Mathematics, Introductory By J. E. Rowe, Ph D . , 10 6 

Measuring and Manuring Land, and Thatchers’ Work, 

Tables for By J Cullyer Twentieth Impression. . 3 0 

Mechanical Tables. By J Foden . . ..20 

Mechanical Engineering Detail Tables By John P. 

Ross ... . ... 7 6 

Metalworker’s Practical Calculator, The By J Mathcson 2 0* 

Metric Conversion Tables By W E Dommett, A M I A E, 1 0 

Metric Lengths to Feet and Inches, Table for the Con- 
version OF Compiled by Redvers Elder — 

On paper ..... ..10 

On cloth, varnished . . . . . . .20 

Mining Mathematics (Preliminary). By George W String- 

fellow .......... 1 6 

With Answers . . . . . . . .20 

Quantities and Quantity Taking. By W. E. Davis. Sixth 
Edition 


6 0 




MISCELLANEOUS TECHNICAL BOOKS 17 


Mathematics for Engineers — contd. s. d. 

Reinforced Concrete Members, Simplified Methods of 
Calculating By W N Twelvetrees, M.I M E , A M I E E 
Second Edition, Revised and Enlarged - . . .50 

Russian Weights and Measures, with their British and 

Metric Equivalents, Tables of By Redvers Elder . 2 6 

Slide Rule, The By C N Pickworth, Wh Sc Seventeenth 

Edition, Revised , . , . . . . .36 

Slide Rule. Its Operations; and Digit Rules, The By 

A Lovat Higgins, A M Inst C E . . . . . - 6 

Steel’s Tables Compiled by Joseph Steel . . .36 

Telegraphy and Telephony, Arithmetic of By T. E 

Herbert, M I E E , and R G de Wardt . . . .50 

Textile Calculations By J H Whitwam, B Sc . . 25 0 

Trigonometry for Engineers, A Primer of By W G 

Dunkley, B Sc (Hons.) . . . . . . .50 

Trigonometry for Navigating Officers. By W Percy 

Winter, B Sc (Hons ), Lond . . .10 6 

Trigonometry, Practical. By Henry Adams, MICE., 

MIME, F S I Third Edition, Revised and Enlarged 5 0 

Ventilation, Pumping, and Haulage, Mathematics of By 

F. Birks 5 0 

Workshop Arithmetic, First Steps in By H P. Green . 1 0 


MISCELLANEOUS TECHNICAL BOOKS 


Brewing and Malting By J Ross Mackenzie, F C S , 
F R M S Second Edition .... 

Ceramic Industries Pocket Book By A B Searle . 
Engineering Economics By T H Burnham, B Sc (Hons ), 
B Com , A M I Mech E . . .... 

Engineering Inquiries, Data for By J C Connan, B Sc , 

A M I E E , O B E . 

EsiiMATiNG By T H Hargrave ..... 
Furniture Styles, The By H E Binstead. Second Edition 
Glue and Gelatine By P I Smith 

Lightning Conductors’ and Lightning Guards By Sir 
Oliver J Lodge, FRS,LLD,DSc,MIEE 
Music Engraving and Printing By Wm Gamble 
Petroleum By Albert Lidgett Third Edition. 

Precious and Semi-Precious Stones By Michael Weinstein 
Printing By H A Maddox ...... 

Refractories for Furnaces, Crucibles, etc By A B 
Searle . . . . . . . 

Refrigeration, Mechanical By Hal Williams, M.I Mech E , 

M I E E , M I Struct E 

Seed Testing. By J Stewart Remington . . . . 


8 6 
8 6 

10 6 

12 6 

7 6 
10 6 

8 6 

15 0 

21 0 
5 0 
7 6 

5 0 

5 0 

20 0 
10 6 
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PITMAN’S TECHNICAL PRIMERS 

Each in foolscap 8vo, cloth, about 120 pp., illustrated . 

In each book of the series the fundamental principles of 
some subdivision of technology are treated in a practical 
manner, providing the student with a handy survey of the 
particular branch of technology with which he is concerned. 
They should prove invaluable to the busy practical man who 
has not the time for more elaborate treatises 
ABRASIVE Materials By A B Searle 

A C Protective Systems and Gears By J Henderson, B Sc , 
M C , and C W Marshall, B Sc , A M I E E 
Belts for Power Transmission By W G. Dunkley, B Sc. 
(Hons ) 

Boiler Inspection and Maintenance By R Clayton 
Capstan and Automatic Lathes By Philip Gates 
Central Stations, Modern. By C W. Marshall, B Sc., 
AMIEE 

Coal Cutting Machinery, Longwall By G F. F Eagar, 
M I Mm E 

Continuous Current Armature Winding By F M. Denton, 
A C G I , A Amer.I E E 

Continuous Current Machines, The Testing of. By Charles 
F. Smith, DSc.MIEE, AMICE 
Cotton Spinning Machinery and Its Uses. By Wm Scott 
Taggart, M.I Mech E. 

Diesel Engine. The. By A Orton 
Drop Forging and Drop Stamping. By H Hayes 
Electric Cables. By F W. Mam, AMIEE 
Electric Cranes and Hauling Machines By F E Chilton, 
A,M I.E E. 

Electric Furnace, The. By Frank J Moffett, B.A., M.I.E E., 
M Cons E. 

Electric Motors, Small By E T. Pamton, B Sc., A.M I E E. 
Electric Power Systems, By Capt W T Taylor, M Inst C E., 
M I.Mech.E 

Electrical Insulation. By W S Flight, A M I.E E 
Electrical Transmission of Energy By W M. Thornton, 
O B E , D Sc , M I.E E 

Electricity in Agriculture By A H Allen, M.I E E 
Electricity in Steel Works By Wm McFarlane, B Sc 
Electrification of Railways, The By H. F Trewman, M A. 
Electro-Deposition of Copper, The. And Its Industrial 
Applications By Claude W Denny, A M.I.E E 
Explosives, Manufacture and Uses of By R C Farmer, 
O.B E , D.Sc , Ph D. 

Filtration. By T. R Wollaston, M.I.Mech E, 

Foundrywork. By Ben Shaw and James Edgar 
Grinding Machines and Their Uses. By Thos R Shaw, 
MI Mech E. 

House Decorations and Repairs. By Wm. Prebble. 
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Hydro-Electric Development By J W Meares, F.R.A.S , 

M Inst C E., M I E.E , M Am I E E, 

Illuminating Engineering, The Elements of. By A. P. 

Trotter, M I E E 

Industrial and Power Alcohol By R. C Farmer, O B E , 

D Sc , Ph D , F J C. 

Industrial Electric Heating By J. W Beauchamp, 

MIEE 

Industrial Motor Control. By A T Dover, M I.E E 
Industrial Nitrogen By P. H S. Kempton, B Sc (Hons), 
ARCSc 

Kinematograph Studio Technique By L. C Macbean. 

Lubricants and Lubrication. By J H Hyde 
Mechanical Handling of Goods, The. By C H Woodfield, 
M.I.Mech E. 

Mechanical Stoking » By D. Brownlie, B Sc , AM I.M E 
(Double volume, price 5s net.) 

Metallurgy of Iron and Steel Based on Notes by Sir 
Robert Hadfield 

Municipal Engineering By H Percy Boulnois, M.Inst C E., 

F,R San.Inst,, F Inst.S E 

Oils, Pigments, Paints, and Varnishes. By R. H. Truelove. 
Patternmaking By Ben Shaw and James Edgar. 

Petrol Cars and Lorries By F Heap. 

Photographic Technique. By L J. Hibbert, F R P S. 

Pneumatic Conveying By E G Phillips, MIEE., 

AMI Mech E 

Power Factor Correction. By A. E. Clayton, B Sc (Eng ) 

Lond , A K.C , A M I E E, 

Radioactivity and Radioactive Substances By J. 
Chadwick, M Sc 

Railway Signalling * Automatic By F Raynar Wilson. 

Railway Signalling : Mechanical By F Raynar Wilson, 

Sewers and Sewerage. By H Gilbert Whyatt, MICE. 

Sparking Plugs By "A. P. Young and H Warren 

Steam Engine Valves and Valve Gears By E L Ahrons, 

M I Mech E . M I Loco E 

Steam Locomotive, The By E L Ahrons, M I Mech E., 

M I Loco.E 

Steam Locomotive Construction and Maintenance By E, 

L Ahrons, M I. Mech E , M I Loco E 
Steels, Special Based on Notes by Sir Robert Hadfield, 

Bart. ,* compiled by H. T. Burnham, B Sc. (Double volume, 
price 5s ) 

Steelwork, Structural By Wm H. Black 

Streets, Roads, and Pavements. By H Gilbert Whyatt, 

M Inst C E., M.R San.I. 

Switchboards, High Tension. By Henry E. Poole, B.Sc. 
(Hons.), Lond., A.C.G I., A M I.E E. 
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Switchgear, High Tension By Henry E Poole, B Sc (Hons ), 
ACGI.AMIEE. 

Switching and Switchgear By Henry E Poole, B Sc (Hons.), 

A C.G I , A M I E E 

Telephones, Automatic By F A. Ellson, B Sc , A M I E E. 

(Donble volume, price 5s ) 

Tidal Power By A M A Struben, O B E , AM Inst C E 
Tool and Machine Setting For Milling, Drilling, Tapping, 

Boring, Grinding, and Press Work By Philip Gates 
Town Gas Manufacture By Ralph Staley, M C 
Traction Motor Control By A T Dover, M I E E. 

Transformers and Alternating Current Machines, The 
Testing of, Bv Charles F. Smith, D Sc , AM Inst C.E., 

Wh Sc 

Transformers, High Voltage Power By Win T Taylor, 

M Inst C E , M I E E 

Transformers, Small Single-Phase By Edgar T Painton, 

B Sc. Eng (Hons ) Load , A M I E E 
Water Power Engineering By F F Fergusson, 

A M Inst C E, 

Wireless Telegraphy, Continuous Wave. By B E G. 

Mittell, A M I E E 

Wireless Telegraphy, Directive Direction and Position 
Finding, etc By L H Walter, hi A (Cantab ), A M I E E. 

X-Rays, Industrial Application of By P H. S Kempton. 

BSc (Hons). 

COMMON COMMODITIES AND 
INDUSTRIES SERIES 

Each book is crown Svo, cloth, with many illustrations, etc . 3 0 

In each of the handbooks in this series a particular product 
or mdustry is treated by an expert writer and practical man 
of business. 

Acids, Alkalis, and Salts By G H J Adlam, M A , B Sc.. 

ECS 

Alcohol in Commerce and Industry By C Simmonds, 

O B E , B.Sc , F I C , F.C S. 

Aluminium Its Manufacture, Manipulation, and Marketing. 

By George Mortimer, M Inst Met. 

Anthracite By A Leonard Summers 
Asbestos. By A. Leonard Summers 

Bookbinding Craft and Industry, The By T Harnson 
Books: From the MS to the Bookseller By J. L Young. 

Boot and Shoe Industry, The By J S Harding 
Bread and Bread Baking. By John Stewart. 

Brushmaker. The. By Wm Kiddier. * 
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Butter and Cheese By C W Walker Tisdale, F C S , and 
Jean Jones, B D F D , N D D 
Button Industry, The By W Unite Jones 
Carpets. By Reginald S Bnnton 
Clays and Clay Products By Alfred B Searle. 

Clocks and Watches By G. L Overton 
Cloths and the Cloth Trade By J A Hunter. 

Clothing Industry, The By B W Poole 
Coal Its Origin, Method of Working, and Preparation for the 
Market By Francis H Wilson, M Inst M E 
Coal Tar By A R Wames, F C S , A I.lMech E 
Coffee From the Grower to Consumer By B B Keable. 

Cold Storage and Ice Making By B H Spnngett 
Concrete and Reinforced Concrete By W. Noble Twelve- 
trees, MIME,AMIEE 

Copper From the Ore to the Metal By H K Picard. M Inst, 
of Mm and Met. 

Cordage and Cordage Hemp and Fibres By T Woodhouse 
and P Kilgour. 

Corn Trade, The British By A Barker 
Cotton From the Raw Material to the Finished Product By 
R J Peake 

Cotton Spinning By A S Wade 

Cycle Industry, The By W Grew 

Drugs in Commerce By J Humphrey, Ph C , F J I 

Dyes and Their Application to Textile Fabrics By A J. 

Hall, BSc.FIC.FCS 

Electric Lamp Industry, The By G ArncliSe Percival. 
Electricity By R E Neale, B Sc (Hons ) 

Engraving By T W Lascelles 

Explosives, Modern By S I Le\ y, B A , B Sc , F I C. 

Fertilizers By H Cave 
Film Industry, The By Davidson Boughey 
Fishing Industry, The By W E Gibbs, D Sc 
Furniture By H E B.nstead Second Edition 
Furs and the Fur Trade By J C Sachs 
Gas and Gas Making By W H Y Webber, C E 
Glass and Glass Manufacture By P Marson, Honours and 
Medallist in Glass Manufacture 
Gloves and the Glove Trade By B E Ellis 
Gold By Benjamin White 

Gums and Resins Their Occurrence, Properties, and Uses 
By Ernest J Parry, BSc,FIC,FCS 
Incandescent Lighting By S I Levy, BA, B Sc , F I C. 

Ink By C Ainsworth Mitchell, M A , F I C 

Iron and Steel Their Production and Manufacture By C^ 

Hood 

Ironfounding Bv B Whiteley 

Jute Industry, The By T. Woodhouse and P Kilgour, 
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Knitted Fabrics By John Chamberlain and James H 
Quilter. 

Lead. Including Lead Pigments. By J. A. Smythe, Ph,D , 

D Sc. 

Leather. From the Raw Material to the Finished Product. 

By K. J. Adcock. 

Linen From the Field to the Finished Product. By Alfred S. 

Moore 

Locks and Lock Making By F. J Butter. 

Match Industry, The By W. H. Dixon. 

Meat Industry, The By Walter Wood. 

Motor Industry, The By Horace Wyatt, B A, 

Nickel By F. B Howard White, B A 
Oil Power. By Sidney H. North, A.Inst.P T. 

Oils Animal, Vegetable, Essential, and Mineral. By C. 

Ainsworth Mitchell, M A , F I C. 

Paints and Varnishes. By A S Jennings, F I B D 
Paper. Its History, Sources, and Production. By Harry A 
Maddox, Stiver Medalhst Papermaking Second Edition 
Patent Fuels By J. A. Greene and F. Mollwo Perkin, C B E , 

Ph D , F.I C. 

Perfumery, Raw Materials of By E. J Parry, B Sc , 

F I C , F C S. 

Photography By William Gamble, F R P.S 
Platinum Metals. By E A Smith, A R S M , M.I M M. 

Player Piano, The By D Miller Wilson 
Pottery By C. J. Noke and H J Plant 
Rice. By C E Douglas, M I Mech.E. 

Rubber Production and Utilization of the Raw Product 
By H. P. Stevens, M A , Ph D , F.I.C , and W. H Stevens, 

A.R C Sc , A.I C Third Edition 
Salt. By A. F Calvert, F C S 

Shipbuilding and the Shipbuilding Industry, By J. 

Mitchell, M.I N A 

Silk. Its Production and Manufacture By Luther Hooper. 

Silver By Benjamin White. 

Soap. Its Composition, Manufacture, and Properties. By 
William H. Simmons, B Sc (Lond.), F C S. 

Sponges By E, J J, Cresswell. 

Starch and Starch Products By H. A Auden, D Sc., F C S. 

Stones and Quarries. By J. Allen Howe, O B.E , B.Sc., 

M.lnst. Min. and Met. 

Straw Hats. By H Inwards. 

Sugar. Cane and Beet. By the late Geo Martmeau, C B , and 
Revised by F. C. Eastick, M.A Fifth Edition. 

Sulphur and the Sulphur Industry. By Harold A. Auden, 

M Sc., D Sc . F.C S 

Talking Machines. By Ogilvie Mitchell 

Tea. From Grower to Consumer. By A. Ibbetson. 
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Telegraphy, Telephony, and Wireless By Joseph Poole, 

A M I E E 

Textile Bleaching By Alex, B Steven, B Sc. (Lond.), F I C 
Timber From the Forest to Its Use in Commerce. By W. 

Bullock Second Edition 

Tin and The Tin Industry By A H Mundey. Second 
Edition 

Tobacco From Grower to Smoker By A. E Tanner 
Velvet and the Corduroy Industry By J Herbert Cooke. 
Wallpaper By G Whiteley Ward 
Weaving. By W P Crankshaw 
Wheat and Its Products By Andrew Millar 
Wine and the Wine Trade By Andre L Simon 
Wool From the Raw Material to the Finished Product By 
J A Hunter 

Worsted Industry, The By J Dumville and S Kershaw. 

Second Edition 

Zinc and Its Alloys By T E Tones, M.A , LL D , B Sc 


Definitions and Formulae for Students 

This senes of booklets is intended to provide students with all 
necessary definitions and formulae in a convenient form 
Aeronautics By J D Frier, A R C Sc , D I C 
Applied Mechanics By E H Lewitt, B Sc , AMI Mech E 
Building By T Corkhill, F B I C C , MI Str E 
Chemistry By W G Carey, F I C 
Coal Mining. By M D Williams, F G S 
Electrical By Philip Kemp, M.Sc , M I E E 
Electrical Installation Work By F Peake Sexton, A R.C S., 
AMIEE 

Heat Engines By Arnold Rimmer, B Eng 
Light and Sound By P K Bowes, M A , B Sc 
Marine Engineering By E Wood, B Sc 
Practical Mathematics By Louis Toft, M Sc. 

Each about pp Price 6d net. 


The following Catalogues will be sent post free on application 

Scientific and Technical, Educational, GommerclaL Shorthand, 
Foreign Languages, and Art 
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SCIENCE 

IN SEVEN LANGUAGES 

ENGLISH, FRENCH, SPANISH, ITALIAN, 
PORTUGUESE, RUSSIAN, AND GERMAN 

Edited by 

ERNEST SLATER, M.LE.E., M.LMech>E. 

In Collaboration w'lth Leading AtUhorities 

The Dictionary is arranged upon the basis of the English 
version. This means that against every English term 
will be found the equivalents in the six other language's, 
together with such annotations as may be necessary to 
show the exact use of the term m any or all of the 
languages. 

“ There is not the slightest doubt that this Dictionary will be the 
essential and standard book of referf^iice in its sphere It has been 
needed for yeais .’* — Electrical Industne^ 

“ The work should be of the greatest value to all who. have to deal 
wath specifications, patents, cat^oguos, etc., for use in foreign trade ” 
— Bankers^ Magaane, 

** The work covers extremely well the ground it sets out to cover, 
and the inclusion of the Portuguese equivalents will be of real value 
to those who have occasion to make technical translations for Portugal, 
Brazil, or Portuguese East Africa.*' — Nature. 
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